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Abstract

This report identifies technologies that may be useful in removing or stabilizing

radiological contamination at those uncontrolled hazardous waste (Superfund) sites that
contain mlionunlides. T e rArlingir!tiVA M2tlartAig at coma Superfund sites consist

primarily of waste from rdibrri.,,uranium, and thorium processing. Twenty existing

Superfund sites are known to contain...radionuclides. along with seventy-one sites
managed by the Department of Energy'....:This report addresses remediation of

contaminated soils; it does not address remediation of contaminated buildings or

ground water. This report is not intended to provide any legal or policy basis for the
whim-lion or ustiot technology for cleahup ot a haz.doia waste' sito.-•

Sites contaminated with radionuclides pose a unique problem because. unlike organic

wastes. radionuclides cannot be destroyed by physical or chemical means; they can
only decay through their natural process. Thus, alteration or remediation of the
radioactive decay processes. thereby changing the fundamental hazard, is not possible.

Several technologies have potenlisil for radionuclides at
radiologically contaminated sites. These include both on-site and off-site disposal.
on-site treatment, radon control, chemical extraction, physical separation, and
combined physical separation and chemical extraction technologies. Applicability of
these technologies is controlled by site-specific factors, so their suitability must be
determined on a site-by-site basis. ---

Issues of significant concern in attempting to apply remedial techniques include

disposal siting, handling of concentrated residuals. public reaction, and cost.

Many of the technologies have not been satisfactorily demonstrated. There is a need
for additional assessment studies. Significant research and development activities.
including bench-scale and pilot-scale studies, would be necessary prior to full-scale

mobilization for Site cleanups. These technologies should be evaluated for
implementation as they may have the potential for significantly improving cleanup

efforts.
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Executive Summary

Introduction

This document identifies potential technologies that
possibly can be applied in the control and remediation
of radioactive contamination at Superfund sites. This
report provides a discussion of the technologies; it
does not give a detailed critical evaluation of them.
The report does not include in-depth analyses that
would be needed to determine the applicability of any
of these technologies at a particular site.

The report oniv addresses treatment and disposal of
radiologically contaminated soils, and radon control. It
does not address. for example, rerrediation of
radiologically contaminated buildings. The report also
does not address treatment of radiologically
contaminated ground water, which is of concern at

some Superfund sites.

The radioactive materials at many Superfund sites are
by-products of uranium, thorium, and radium
processing in the form of tailings, contaminated
buildings and equipment, and stream sediments.

The pnmary oublic health threats from the radioactive
materials are through inhalation of radon and radon
progeny, external whole body exposure to gamma
radiation, and ingestion of radionuclides through food
and water. Radon and radon progeny are
continuously produced through the decay and
decomposition of uranium, thorium, and radium.
These hazards will persist throughout the entire
decay time if no remedial action is taken. These
hazards could itleh win the inelnastaci risk of cancers in
the exposed whole body and may also increase the
risk of genetic damage that may continue to cause
inheritable defects in future generations.

It should be noted that the radioactive contaminants
are not altered or destroyed by treatment
technologies. The volume of contaminated material
may be reduced, but the concentration of the
contaminants wilt be much higher in the reduced
volume. Some type of containment and/or burial is
the only ultimate remec:r for materials contaminated
at levels above Mose considered safe for exposure.

Table A on the following page shows the state of the
art of the various disposal. on-site treatment. radon

xi

control. chemical extraction, physical separation, and
combined physical separation and chemical extraction
technologies that are discussed in this report. Since
none at the chemical extraction and physical
separation technologies has been used in a site
remediation situation, their application must be
approached cautiously.

Significant research and development activities would
be necessary prior to full-scale mobilization for site
cleanup. The same holds true for solidification or
stabilization processes. Only excavation and land
encapsulation have been used to remediate

radiologically contaminated sites; ocean disposal has
been used for disposal of low level radioactive
wastes.

Remedial= Sites

Twenty sites that contain man-made radioactive
wastes are on or are proposed for inclusion on the
National Priorities List (NPL). These Superfund sites
are described briefly ill Appendix El of this document.
(Information provided is accurate as of December
1987.) The sites contain tailings piles and
redistributed tailings, solid waste landfills, hazardous
waste landfills, fabrication plants and laboratories, and
contaminated ground water. Remedial investigation
and feasibility studies (RliFS) have been completed
on eight sites and are underway on seven sites.
Remediation at none of these sites has been
completed. However, the Department of Energy
(DOE) has completed remedial actions at vicinity
properties associated with DOE NPL sites.

The DOE cleanup projects, which also are described
in Appendix 8, mainly stem from DOE's inherited
responsibilities in the area of nuclear materials
production. DOE has four major cleanup projects:

(1) Formerly Utilized Sites Remedial Action
Project (FUSRAP) - 29 sites;

(2) Uranium Mill Tailings Remedial Action Project
(UMTRAP) - 24 sites:

(3) Grand Junction Remedial Action Project
(UJRAP) - 1 site; and

(4) Surplus Facilities Management Program
(SFMP) - 17 sites.
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Current DOE protects also involve the cleanup of
thousands of vicinity properties, about 4000 in
G..IPAP alone. The Grand Junction Remedial Action
Project has excavated and moved contaminated
material to an interim storage site from approximately
700 vicinity sites and is currently evaluating
alternatives for remediation of the interim storage site.
To date, seven Saes administrated by DOE under the
FUSRAP protect have been remediated. Three of the
FUSRAP sites are also on the NPL. The SFMP
includes over 30 currently active protects. Two of the
eF,e,ip sires aro on the Npu_

In addition, DOE's Office of Defense Programs (COP)

has a program similar to SFMP for its sites. OOP

conducts selected remedial decontamination activities
as required at facilities under their jurisdiction.

In most remedial actions conducted to date, the
radioactively contaminated material has been
excavated and contained in either permanent or
temporary above-ground containment facilities.
These facilities have been designed to include
perimeter air monitoring, surface; wafer runoff
collection and containment features, and ground
water monitoring devices.

All methods used to accomplish remedial action on a
site contaminated with radionuclides will result in
waste materials that require disposal or storage. The
final disposal of these waste materials is the single
largest problem in remedial action.

Some of the Superfund sites contain various types of
hazardous wastes, and the radioactive portion may
pose a relatively minor problem. The presence of
other hazardous materials may complicate
remediation of the radioactive portion of the waste
and vice-versa.

e-ate.ne 121 of rERC A maniletett that remedies

must be protective, utilize a permanent solution and
alternative treatment technologies or resource
recovery options to the maximum extent practicable,
and be cost effective. In addition. cleanup standards
for remedial actions must meet any applicable or

relevant arid appropriate requirements 
(AR R.,

Standards developed under Section 275 of the
Atomic Energy Act and Section 206 of the Uranium

Mill Tailings Radiation Control Act (UMTRCA) of 1975
may be applicable or relevant and appropriate on a

site-specific basis to the cleanup of radioiogically

contaminated Superiund sites. The EPA promulgated

40 CFR 192, ;:ealth and Environmental Protection

Standards for Uranium Mill Tailings in January 1963

under authority of these Acts. The pertinent standards

are contained in 40 CFA 19212. 192.32. and 192.41,

arid deal with the acceptable levels of radioactivity in

residual materials and radiation emission levels from

them, and with disposal requirements. The disposal

requirecutruiS it-IC-ludo a design life of of, least 2nn
years. and preferably 1,000 years where the latter is
reasonably achievable. However. standards are
applicable to uranium mill tailings only. Relevance and
appropriateness must be determined according to
specific site conditions.

Disposal
Disposal can be in one of two categories: on-site
disposal or off-site disposal. Applicability of these
methods to Superfund sites is controlled by Site-
specrtid factors: therefore, their usefulness must be
determined on a site-by-site basis.

On-Site Disposal

Two methods are available for on-*ite
These may be applied in situ. They are:

Capping

- Vertical barriers

Capping is simply covering the contaminated site with
a thick layer of low-permeability soil. The design
would be chosen to: (1) attenuate the gamma
radiation associated with all the radionuclides present.
(2) protect the ground water and 3) provide
reasonable assurance that release of radon from
residual radioactive material to the atmosphere will
not exceed acceptable limits. Capping has the
advantages of relatively low cost, ease of application.
and having been used for remediating radiologically
contaminated sites.

Capping has certain drawbacks. It does not eliminate
the source of radioactivity; this limits further use of
the site. The cap must be maintained as long as the
contaminant exists at the situ. A cap must not be
penetrated for construction or installation of structures
and utility hardware. Therefore, existing structures
must be removed before capping. Also, horizontal
nigration of the radionuclides in ground water could
still occur.

vertical subsurface banners (barrier walls_ could same
as barriers to horizontal migration of radionuclides,
but perhaps more important, as barriers to the
horizontal movement of ground water that may be
contaminated with radionuclides. Vertical barriers are
relatively simple to install. They perhaps could serve
as the container walls for extraction techniques.
Disadvantages include the difficulty of obtaining truly
low permeability and the possibility of material
incompatibility with waste chemicals. Before
attempting the installation of a barrier wall, detailed
data are required on the physical and chemical
characteristics of the soil.



Off4it• Disposal

Ott-site disposal can be considered for either
temporary storage or permanent disposal. The
purpose would be to limit the exposure of people and
the environment to the radionuclide. This method can
be applied to both untreated materials and materials
that have been modified through a volume reduction
process. The waste materizis could be treated before
disposal to reduce their volume or to stabilize them
so that they may be transported more easily. Four
off-site disposal methods are briefly described in this
report

• Land encapsulation
- Land spreading
- Underground mine disposal
• Ocean disposal

Land encapsulation, either permanent or temporary,
has been the disposal method most used so far for
low-level radioactive waste materials. Land
encapsulation on site can also occur, but this may not
be applicable in all situations. It can be as simple as
excavating the contaminated material and, •sithout
further treatment. hauling it to a secure site designed
for Land encapsulation. The containment structure
technology has been used to remediate radiologically
contaminated sites. This technology was originally
developed for the disposal of hazardous wastes.

Joint NRC-EPA Design Guidelines and Combined
NRC-EPA Siting Guidelines for Disposal of
Commercial Mixed Low-Level Radioactive and
Hazardous Waste provide guidance on land
encapsulation siting and design where chemical
"eiritaraarirw• is pareil.tru.n lem Aanaa.4ia Al

Selecting a site for a new facility or finding an existing
site that will accept the waste can be very difficult. In
addition, the problems of handling and transporting
the waste must be considered. If the radioactive
pvivai is first concentrated, as in chemical extraction
arid physical separation, additional disposal issues
could result due to higher levels of radioactivity in the
concentrated waste. Advantages of land
encapsulation include the relative maturity of the
technology, the complete removal of the waste from
the affected site, and the relative simplicity of the
prerequisite information needs.

Land spreading is a technology that has been
considered for radiologically contaminated wastes.
This technology involves excavation of the
contaminated material, transporting it to a suitable
site, and spreading it on unused land, assuring that
radioactivity levels approach the natural background
level of these materials when the operation is
completed.

Land spreading might be more appropriate for dry,
granular tailings and soils. It would likely be

XIV

inappropriate for materials contaminated with both
radi—ctive nortrdir,active h.,-ordous wastes.
Another similar method is blending with clean sail
prior to land spreading.

Underground mine disposal could provide secure and
remote containment. Disposal in underground mines,
either new Of existing, could be costly. The
radiologically contaminated waste could be excavated
and transported without treatment to the mine site.
Alternatively, it could be pretreated for volume
reduction or solidified to facilitate transport and
placement.

There would be a tradeoff between costs for
treatment or solidification and costs for transportation
and placement. Transportation costs and associated
risks need to be researched further. Movement of
radionuclides into ground water must be considered
and prevented.

Ocean disposal could be an alternative to land-
based disposal options. This alternative should only
be evaluated for low level mill tailing wastes and not
cenciAereti ler eneeneed radicactive materials or
concentrated residuals.

On-Site Treatment
Two methods are available for treating radiologically
contaminated wastes so that the radioactive
contaminants may be immobilized. These are:

• Stabilization or solidification
• Vitrification

Stabilization or solidification immobilizes radionuclides
(and could reduce radon emanation) by trapping them
in an impervious matrix. The solidification agent--
for example, Portland cement, silica grout, or
cnemical grout--can be injected directly into the
waste mass or the waste can be excavated. mixed,
and replaced. It offers the opportunity to leave the
waste materials on site in an immobilized state. It may
be used as additional security for a waste mass that
will be capped. The presence of other hazardous
chemicals could interfere with some solidification
preirmansba aIthnnnh the reranni raiiAate .e act
removed in this process, their mobility and spread in
the environment are restrained.

Vitrification is another process that can immobilize
radioactive contaminants by trapping them in an
impervious matrix. The in situ pic.ictiss melts the
waste materials between two or more electrodes,
using large amounts of electricity while doing so. The
cheese material then cools to a glassy mass in which
the radionuclides are trapped.

Volatilization of waste substances must be contended
with; some of the volatiles may be vaporized



mrtinnuctides. Eximhiation and vitrification in a plant
designed for the purpose can be done using an
electric furnace or a rotary kiln, but dealing with the
resulting solids may pose additional problems.
Vitrification is very energy-intensive.

Radon Control Without Source
Remedial:Ion
As an interim measure. it may be possible to
remediate on-site properties through radon removal
techniques. In theory, these may include the
followng:

• Radon reduction in homes
• Electrostatic precipitators
• Areal soil gas venting and areal removal

Radon and its decay progeny do not pose a
significant health hazard in an open outdoor
environment. However, they can accumulate to
harmful concentrations in confined spaces. such as
residences where there is an underlying radionuclide
endl

Direct radon reduction in homes can be accomplished
in a variety of ways. Techniques include sealing entry
cracks and holes, forced ventilation of soil and
building materials in and adjacent to the foundation,
and passive and forced ventilation of inr.",or airsr.ram.
The techniques. property applied, are effective. These
control systems must be maintained as long as the
radionuclide source is present. The particular
techniques to be applied to a specific situation
depend upon the structural characteristics of the
building and the nature of the underlying sod.

Electrostatic precipitators may reduce the number of
the particles in a room including particles to which
radon progeny are attached. The health effects of this
are not known.

keel soil gas venting may be applicable to reduction
of radon emanation over a waste site. The technology
has been used to remove methane from landfills and
organic vapors from soil. The effectiveness will
depend in part on the sail characteristics. Areal
removal systems would require long-term
maintenance.

Chemical Extraction of Radionuclides
frtim Contaminated Soil
The objective of this separation technology is to
concentrate the radioactive COMIUTirlart3 by chemical
extraction, with the aim at thereby reducing the
volume of waste for disposal. The chemical extraction
technology ultimately generates two fractions. One
fraction contains the concentrated radioactive
contaminants and may require disposal: the remaining
material is analyzed for residual contamination and

xv

evaluated for replacement at the point of origin or at
suitable alternative sites. The various applicable
chemical extraction techniques include extraction
with:

- water
inorganic salts

• mineral acids
complexing reagents

Except for the use of inorganic chlorides to remove
radium from liquid effluents at uranium mines, none of
tile chemical e...--raction tachrio,̂ ^ios has seen field
demonstrated to remove radiemiziides from waste
material at a site. Bench-scale and pilot-scale
testing would be needed to determine whether
chemical extraction can be used for site remediation.

Water can be used to extract a portion of the
radionuclide contaminants. Contaminated soil or
tailings could be mixed with large quantities of water.
The water, with the soluble radionuclide fraction,
could be removed from solids by physical separation.
Since many of the soil-cleaning techniques use
water as part of their process. this method could be
used as pretreatment.

A review of the literature indicates a broad range of
results with the use of salt solutions to remove radium
and thorium from mill tailings and soils. In many
cases the effectiveness of a given salt appears to be
related to several obvious variables, such as the
nature of the tailings (geochemistry, particle size
distribution, and chemical composition); the nature of
the soil; the concentration of the salt solution; pH;
olid-to-liquid ratio; prc---oss time; :6411—rst,..re;
method of extraction.

Mineral acid extraction techniques are being
developed and have been used to extract radium,
thorium, and uranium from mineral ores.
improvements in these acid extraction processes
have been found to be possible in the laboratory and
at uranium mills. The results show that the acid
extraction processes can remove most of the metals.
both radioactive and nonradioactive. and therefore
may deserve further study for cleanup of
radiologically contaminated site.- and tailings.
However, different processes may be needed tar
different radionuclides.

Extraction with complexing agents differs from acid
extraction in that complexino agents like EDTA
(ethylenediarninetetraacetic acid) are used instead of
mineral acids. Radium forms stable complexes with
many organic ligands la molecule that can bind to a
metal ion to form a complex) while thorium is not
likely to be removed by complexation. Laboratory
exp.2rimant_a atlevae thAt !pim., maims,
complexes with EDTA, suggesting the potential for
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of thorium.

The above extraction processes produce a pregnant
liquor containing the radionuclides. In treating this
liquor to concentrate and collect the radionuclides for
disposal, the following support techniques are utlized:

precipitation and coprecipitation
• solvent extraction

ion exchange

By addition of chemicals. the ractionucildes can be
precipitated out from leach liquor. The slurry from the
precipitation tank is dewatered in thickeners: this is
followed by filtration. The filter cake containing the
radionuclide fraction is then ready for disposal.
Precipitation is a difficult, cumbersome operation
requiring complex chemical separation. Close control

of operating conditions is required.

Solvent extraction can be an efficient method for
separating the radionuclides. In solvent extraction, the
dis--4verl reroienueliee fraction is trAnOelfrad rnM  the
feed solution into the organic solvent phase. The
loaded organic solvent is stripped of the radionuclides
by an aqueous reagent. The barren organic solvent is
recycled back to the extraction step. The radionuclide
is precipitated out from the aqueous liquor. Solvent
elVaCritirii offers better selectivity arid rrdre versatility
than ion exchange.

Ion exchange involves the exchange of ions between

the solution and a solid resin. Ion exchange does not
extract material from the soil directly. Rather, it
separates the constituents in a solution, such as
might result from chemical extraction. It has been
used extensively in uranium and radium extraction

from ore. There are three types of exchange: fixed
bed. moving bed. and resin-in-pulp. Any of these
are theoretically applicable to radionuclides in liquids

as a technique to complete the chemical extraction
technology.

Because of the need for a combination of extraction
methods to remove uranium. thorium, and radium. the
chemical extraction tachr rielegias appear to be quite
expensive and complex.

Physical Separation of Radioactive Soil
Fractions
The radioactive contaminants in soils and tailings in
many CaS415 are associated rem the finer fractions.
This is true for uranium mill lettings and radium

processing residue. Thus. size separation may be
used to produce a reduced volume of concentrated
material for disposal. leaving "cleaner" fractions.
These fractions must be disposed as well. Physical
separation may be used with chemical extraction to
produce fractions of smaller volume with even more

concentrated contaminant. The physical separation
technologies may be suitable for removing

radionuclides that originally have been deposited as
solid particulates on the soil.

Four physical separation technologies may be
fin the entinnronrin of rnriin.uelivia waste

components of soils and tailings:

• Screening - both dry and wet
Classification
Flotation
Gravity Concentration

These processes are already extensively used in the
extraction of uranium from ore. They have not been
used in the field to further extract other radionuclides
from tailings or soils. Pilot plant testing would be
needed to determine the ability of physical separation
technology to clean radiologically contaminated soils.

Screening separates soil (or soil-like material) on the
basis of size. It is normally applied only to particles
greeter than 250 microns in size. The process can be
dcne dry or by washing water through the screen.
Screening is not efficient with damp materials, which
quickly blind the screen.

Screening can be applied to a variety of materials.
and it is relatively simple and inevoeneive. it may be

particularly effective as a first operation to remove the
largest particles, followed by other methods.
Screening is a noisy operation. and dry screening
requires dust control. Finer screens clog easily.
Information needs include size distribution and
moisture content of tne feed stream, and throughput
required for the equipment.

Classification separates particles according to their
settling rate in a fluid. Several hydraulic, mechanical,
and nonmechanical configurations are available.
Generally. heavier and coarser particles go to the
bottom. and lighter, smaller particles (sometimes
called slimes) are removed from the top.
Theoretically, classifiers could be used to separate
the smaller particle fractions, which may contain
much of the radioactive contamination in waste sites.
Classifiers Could be used with chemical extraction in a
volume reduction process. Classification is a relatively
low-cost, reliable operation. Soils high in clay and
sands high in humus, however, are difficult to process
this way. Information required for selecting

includes size apecific
gravity, and other physical characterietras of the soil.

Flotation is a liquid-froth separation process often
applied to separate specific minerals (particularly
sulfides) from ores. The process depends more on
physical and chemical attraction philrenlirreina
the ore and the frothing agents, and on particle size.



Man on material density. if particles can be collected
by the troth, flotation is very effective.

Ordinaniy, flotation is applied to fine materials: the
process often is preceded by grinding to reduce
particle size. Process effectiveness has been
demonstrated in extracting radium from uranium mid
tailings (fatcevic, CIM Bulletin, August 1970).
Detailed waste characterization is a prerequisite for
application of the flotation process; mineralogy.
chemistry, specific gravity, and particle size are all
impenitent

Gravity separation is used in the uranium and radium
ore processing industries. This process takes
advantage of the difference in material densities to
separate the materials into layers of dense and light
minerals. Separation is influenced 'ay paiticle size.
density. shape, and weight. Shaking (e.g., a shaking
table) and a variety of other motions are employed to
keep the particles apart and in motion: this is an
integral part of the process. Gravity separation can be
used in conjunction with chemical extraction. One
drawbaec to gravity separation is its generally low
throughput. Information needs are essentially the
same as for flotation.

Additional technologies are required to support
separation methods. including sedimentation and
filtration, both of which are methods used in waste
water treatment. They may be used individually or
together.

Combined Physical Separation and
Chemical Extraction Technologies
The combined physical and chemical separation
techniques that can be applied to decontaminate
radioactive sods are:

- Soil washing and "sical separatron
- Separation and chemical extraction

Separation, washing and extraction technique

The soil washing and physical separation process
involves washing the soil with chemical solution,
followed by separation of coarse and fine particles.
The type of solution used for washing will depend on
the contaminant's chemical and physical composition.
in 1972 DOE initiated laboratory-scale studies of soil
cleaning techniques: on the basis of these studies, a
washing and physical separation process was
selected for pilot-plant study of cleaning plutonium-
contaminated soil. The results of that piloeptant
testing (at Rocky Flats) show this process to have
potential for success.

In mint-nett to of rttrIal An& rtrWitilirifiateil fn tift

284. 7515. 1305. and 675 pOilg of plutonium were
cleaned to contamination levels of 1, 12, 86. 340. and
89 pCeg, respectively, using different washing

xva

processes. Tne coarse particle weight fraction ranged
from 58 percent to 78 percent. Soil washing has been
shown to work in clay soil. This process may not
work for humus 5:031. The process is simple and
relatively inexpensive and needs no major process
development. It would, however, need further pilot-
plant testing and development work to test its
applicability to contaminated soil.

In combir.ed physical separation and chemical
extraction, the soil is first separated into fine and
cinema panicle fractions The coarse partic4e fractions

may be washed or extracted. The fine particle
fractions are combined with extracted contaminants
and could be sent to a secure disposal site. The
"clean" coarse fractions are analyzed for residual
contamination and evaluated for placement at the
o.nginal site or all alternate site. An advantage of this
process is that soil containing higher levels of
radioactivity could be treated. Also, various sections
of the process have been developed for extracting
uranium, and laboratory work is underway in Canada
for extracting radium from uranium mill tailings. The
main disadvantages of this process are that it is
expensive and has high chemical usage. In addition. •
the use of chemicals raises concerns of further
contamination to the environment. The process would
need further development work in order to better
extract radionuclides from soil.

In applying the separation, washing, and extraction
technique. the contaminated soils can conceivably be
washed with a variety of washing fluids, followed by
chemical extraction. The nature of the washing fluids
and chemicals depends on the contaminants and on
the characteristics of the soil. It could be
advantageous to separate the soil into fine and
coarse fractions and use the washing system on the
coarser soil fraction to reduce the throughput and
chemical usage, The treated soil, the finer soil
fractions and the co:Pa-tett contaminants would
require appropriate disposal.

General Issues
Several issues are of significant concern in attempting
to apply remedial technologies at sixes contaminated
with radioactive materials. They include:

• Final Disposal and Disposal Siting. Publicly
acceptable sites are difficult to find. and there
may be problems in convincing the public that the
"clean" fractions of the treated wastes are truly
acceptable. Some form of disposal may ultimately
be necessary as radioactivity cannot be altered or
destroyed by any treatment technology.

- Hardline of concentrated residuals. Reduc-
ing the vnlume of radiologically contaminated
waste will increase the concentration of



iladi!lriuditles and may substantially increase the

safety hazards of the contaminated fractions.

- Mixed Wastes. It is important to note that in

some cases there may be two categories of

residual contamination: process wastes and soils
contaminated with isolated radionuclides or

groups of radionuclides. While removal of the
radioactive fractions of soils contaminated with

single radionuclides such as uranium or plutonium
might result in "clean" fractions acceptable for
unrestricted disposal, removal of the radioactivity
from a soil contaminated with process wastes
may not. In this second case. the nonradioactive
fractions of the residues could result in an
unacceptable product. Therefore, before
considering any separation technique, it is
necessary that acceptable limits for both the
radiological contaminants and the non-
radiological contaminants be defined. in some

cases multiple treatments or combined
technologies could be required to achieve
environmental goals.

Criteria for Further Studies
The utility of any potential treatment process and the
applicability of die overall remedial action depend
heavily on the physical characteristics of the
contaminated media and the surrounding soils. Since
none of the chemical extraction and physical

separation technologies have been used in a site
retnediation situation, their application must be
approached cautiously. The same holds true fur

solidification or stabilization processes. Only land
encapsulation and ocean disposal have been used.

It is important to study the patterns in waste
characteristics at various sites and develop waste
groups with similar mator characteristics. Applicability
studies can identity promising technologies to be
tested for treatment of each waste group. Preliminary
screening of the technologies can be accomplished
based primarily on the waste characteristics.

When one or more remediation concepts are selected

that appear 41r.....'"..able to a tide, plans may be made

for treatability studies. SucCess there could lead to
pilot-scale testing and eventually to full-scale
demonstration of site cleanup. This step-wise
procedure is essential for the development of any
remediation technology. with carefully developed work

Pans and quality assurance planpreceding each

step.

Conclusions
The remediation of radioactively contaminated sites

under Superfund. FUSPAP, and LATITtA has been
hampered by the lack cf methods other than
temporary storage or permanent encapsulation on

lank Autesmativa IsiOmningiast which have to be
evaluated and discussed further, may have the
potantiai for reducing the mobility, toxicity, or volume

of these contaminants. Further studies need to be
completed prior to the implementation of these
alternatives.

LViii



Chapter 1

Introduction

1.1 Study Purpose and Objectives

The Environmental Protection Agency (EPA) has
identified twenty Superfund sites in the country that
are radiologically contaminated by man-made
sources (see Appendix B). These sites. located
across the United States, vary greatly in s;za and may
involve radiation exposure to people who reside on
and around them. Radionuclides, unlike other
hazardous wastes. cannot be altered or destroyed to
eliminate their hazard potential.

The principal objective of this document is to identity
the full range of technologies that may be useful in
reducing to acceptable levels the radioactivity at
uncontrolled hazardous waste sites. Many of the
technologies discussed would require significant
researcn and development activities before they could
be reasonably considered for site cleanup. This report
only addresses treatment and disposal of
radiologically contaminated soils: it does not deal
with, for example. sites whose principal radiological
conra.iiirlaton is it: building it ateri-J..
contaminated ground water is also a concern at some
Superfund sites, but ground water treatment is
beyond the scope of this report

The document is intended as a first review. This
report provides a discussion of the technologies, but
not a detailed critical evaluation of them. The report
does not include in-depth analyses that would be
needed to determine the applicability of any of these
technologies at a particular site.

In order to better ascertain the applicability of the
technologies. descriptive data have been gathered for
the twenty sites identified on the National Prionees
List (NPL) that are known to contain radioactive waste
materials. These data are presented in Appendix Li;
they are accurate as of December 1987.

1.2 Health Concerns

The radioactive materials at Superfund sees consist
primarily of wastes from radium, thorium, and uranium

waragetiao reinfnin remelt Hai 041111111M11744

of these elements and their radioactive decay
products, which have remained as contaminants in

1

buildings. sail material, and stream channels after
operations at the sites have ceased-or have been
dumped as waste in on-site or off-site disposal
areas. Contaminated soils have sometimes been
utilized as fill material on private and public properties
for various purposes. There are many other
radionuclides that may also be impacted by
technologies in this report.

The radioisotopes of concern belong to the uranium
238 and thorium 232 decay series (see Figure 1).
Hazards to the general population could occur
through several pathways. including:

(1) inhalation of radon decay products,
particularly where radon is concentrated
within building structures:

(2) inhalation of particulates or ingestion of
materials containing radioisotopes of the two
decay series;

(3) ingestion of radionuclides via drinking water
and food; and

(4) external  gernme

In the absence of remedial action, these potential
hazards could persist for extremely long periods
(millions of years) because of the long half-lives of
the controlling isotopes.

There are three types of radiation generally believed
to pose health hazards.

One is the alpha radiation (positively charged nuclear
parades) associated with radioactive decay of radon
gas and other radioactive elements, such as radium
and uranium. Although alpha radiation cannot pass
through the outer layers at skin, it can enter the body
through inhalation and ingestion. Inhalation of alpha-
emitting particles is a major health hazard and may
contribute to lung cancer. Ingestion of water, dust
plants, or animals that contain alpha-emitters may
contribute to cancer in die various parts of the body
where the alpha-emitters lodge.

The second type of radiation that may pose a health
tuarArri ige nnmm2 radiation_ (tamme arnithargi nag

contribute to external exposure, since they can
irradiate the human body. Such exposure can
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contribute to cancer in venous parts of the body.
Different measures may be required to reduce
exposure to alpha and gamma radiation.

The third type of radiation is beta radiation
(electrons). Energetic beta panicles can pass through
skin. The primary hazard from beta radiation,
hnuosuar. is informal dopmaition by ingestion or
inhalation. Although decay of radium to radon does
not produce beta radiation, a subseouent portion of
the decay chain produces beta radiation. The beta
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radiation is of secondary concern relative to the alpha
and gamma radiation, as the associated risks are
typically much lower.

The principal health concern at sites containing
radioactive wastes has been radon, radon progeny,
and gamma radiation from radionuclide decay. The
primary aafrIMil radiation source td waste sites is
radium in the soil. In addition, radon gas is continually
produced by radioactive decay of radium, as indicated
in Figure 1. Radon and its decay products (radon



"progeny") are alpha emitters that are potentially
injurious if they become lodged in the respiratory
system, and gamma emitters. Radon in the soil can
make its way through cracks and porous building
materials and accumulate in unsafe concentrations
within houses and other buildings and enclosures (1

Radon has a had-life of 3.8 days; its progeny are
radioactive particles. They can attach themselves to
dust and other particles. If they are inhaled. either
attached cr unattached to other cartictes, they may
deposit in the respiratory system where they emit
alpha particles, which may be damaging to the
tissues. Alpha-emitting particles from decay of radon
and progeny are considered to be a cause of lung
cancer (21.

Residences and other buildings have been built on
and around some waste disposal sites contaminated
with radioactive materials. The radiation hazard
derives from elevated indoor concentrations of radon
gab arid alayaiect outdoor and indoor gamma radiation
levels that approace and sometimes exceed the
radiological standards for the general public. It !s
important to note that there are average background
radiation levels associated with these materials.
Typical levels are shown in Table 1; they may 'lot be
the same as the average level in any particular
location.

Sites that contain radioactive waste minerials may
also contain other types of hazardous write. Some of
the Superfund sites, for example, ciantain various
types of hazardous wastes, and the radioactive
portion may pose a relatively minor threat by
comparison. The presence of Other hazardous
materials may complicate dealing with the radioactive
portion of the waste and ice-versa. EPA is
developing special regulatory approaches to these
"mixed wastes."

1.3 Waste Sources and Contaminated
Media

Radioactive wastes at uncontrolled sites have come
teen a v-eety of aeteeett. .anises the .noel ^^.TIftlr.ft,
at least at Superfund sites, has been the residual
material derived from ore processing to obtain
radioactive elements. Examples are wastes from the
beneticration of uranium-, radium-, and thorium-
bearing ores and from the process use of these
elements. A common use far radium haS beeri
luminous watch dials; thorium has been used for
mantles for gas lanterns.

It appears that most of the contaminated wastes are
in tailings, a soil-like matrix. The radium and thorium
wastes exist in relatively small quantities at most sites
in comparison to uranium mining and mil: tailings and
the wastes from nuclear fuel processing and handling.
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Fuel precessing, handling. and use may result in
relatively highly canterninsterl eentsiners,
and even spent fuel residuals. Nuclear fuel wastes
are generally maintained in containers at the use site

nuclear power and generating plants) until their
final disposition. Superfund sites for the most part do
not appear to contain these types of materials.

1.4 Scope of Report

Chapters 2 through 7 describe the range of
technologies for the removal of radioactive materials
from contaminated soil. These sections deal,
respectively, with disposal of contaminated materials.
on-site treatment, radon control chemical extraction,
physical separation, and process combinations to
remove contaminants from soli. The descriptions are
the result of literature surveys and discussions with
experts who have dealt with similar problems. It
should be noted that the radioactive contaminants are
not altered or destroyed by treatment technologies.
The volume of contaminated material may be reduced
by treatment, but the concentration of the
contaminants will be much higher in the reduced
yokgpa. Sama type of containment ancliap burial is
the only ultimate remedy for materials contaminated
at levels above those considered safe for enrestricted
release.

Chapter 8 briefly points out some of the issues that
mei inhibit or affect etc ...—rfletitattort of sites

containing radioactive waste. The issues include, for
example, siting for final disposal. public reaction, and
costs.

Chapter 9 looks at potential experimental work
(bench-scale studies, for example) to test the
applicability of the alternative remediation
technologies.

Chapter 10 presents the conclusions of this report.

Appendix A briefly presents some of the
laws,regulations, and guidance that are part of the
framework within which technologies may be selected
for rernediation of Superfund sites. This report does



not attempt nor is it intended to provide a complete or
detailed analysis of how various laws, regulations, and
guidance apply in general or at a specific Superfund
site, nor is t intended to set or interpret policy for the
selection or use of technologies to clean up any
Superfund or other hazardous waste site.

Existing Superfund sites known to contain radioactive
materials are briefly characterized in Appendix B.
Descriptive data include: the location, size and
volume of the site: the character of the matrix
materials; proximity to population centers; the degree
ot conteinininiun; and the status of survey and
cleanup activities. Data also have been gathered on
sites being managed and rernediated by the
Department of Energy (DOE) al. This information is
also presented in Appendix B.

Descriptive data on Superfund sites where
radioactivity is a Lancern were obtained from the EPA
Office of Solid Waste and Emergency Response and
from each of the pertinent EPA Regional Offices.
Information on DOE sites was obtained from literature
provided by the Oak Ridge National Laboratory
(ORNL) and the EPA Research Library in Cincinnati.
from DOE personnel, and from the staff of EPA's
Office of Radiation Programs.

Site-specific information is not complete at this time.
For evrnple, only limited infnirri=nrin has been found
on the soli or matrix characteristics at some of the
Superfund sites. Detailed information on the physical.
chemical, and radiological characteristics is absolutely
necessary before attempting to apply any of the
alternative technologies.
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Chapter 2

Disposal

2.1 Introduction

This chapter discusses remediation methods that

show potential for use in the final disposal of radio-

active waste materials. Final disposal is generally

regarded as some sort of containment that separates

the materials from any further contact with the public

and the environment. The radioactive waste materials

may be in the form of tailings or tailings mixed with

soil.

If some of the technologies described in this report

are applied prior to containment, the contaminated

waste volume may be reduced with a concomitant

increase in the enneentration of the radioactive

material. Additionally, the larger fractions of the

treated soil may be suitable for replacement at the

point of origin without any long-term management. if

the treatment technology succeeds in reducing the

residual radiation to an acceptable level. No matter

what technologies are applied. there will always be

some portion of the material that will require long-

term disposal.

On the other hand, the radioactive waste materials

may not be in a form amenable to volume
reduction—e.g., contaminated equipment these also

must be permanently contained if they cannot be

cleaned.

Disposal can be in one of two categories: on-site

disposal arid off-site disposal. The state of the art of

on-site and off-site disposal methods is shown in

Table 2. Applicability of these methods to Superfund

sites is controlled by site-specific factors: therefore.

Weir usefulness must be determined on a site-by-

site basis. At present, capping and land encapsulation

are me only two methods used for radiologically

contaminated site remediation.

2.2 On-Site Disposal

It may be possible to deal with radioactive waste

materials, particularly if they are in a cod matrix; iris

methods that do not remove either the soil or the

radionuclides from the site. Methods include: capping

and vertical barriers.
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2.2.1 Capping

2.2.1.1 Description and Development Status

This concept involves covering the contaminated site

with a barrier sufficiently thick and impermeable to

minimize the diffusion of radon gas. Barrier materials

can be either natural low-permeability soils (e.g..

clay) or synthetic membrane liners, or both. Both

types of materials are generally available. A barns;

might consist of several feet of compacted clay.

depending upon radiation levels, and extending a few

feet beyond the perimeter of the contaminated area

Cap design and construction should consider the

need to: 1) confine radon until it has essentially

decayed to its progeny (for normal soils, the depth of

cover required is about 150 cm for Fin-222 and 5

cm for Rn-220): 2) attenuate the gamma radiation

associated with all the radionuclides present (for
normal sews, the depth of cover required for gamma

radiation shielding is on the order of 60 cm'; 3)

provide long-term minimization of water infiltration

into the contaminated material; 4) function with

minimum maintenance; 5) promote drainage and

minimize erosion: and 6) have a permeability less

than or equal to the permeability of any bottom liner

system present or the natural subsoils.

Radon is continually produced from the radium

Source, but the radon itself decays in a few days. A

schematic diagram of one potential cap design is

shown in Figure 2 [1 1. A number of DOE facilities

have teen constructed using the criteria contained

therein. The technology of caps is well developed,

and several good references are available (2-71.

However horizontal migration of radium or other

radionuclides in ground water could still occur.

2.2.1.2 Potential Ap‘iricabie Situations

Capping a waste mass in situ is applicable over a

large. discrete. contaminated area or as a continuous

cover over several smaller areas that are close
together. Since there is a greater likelihood of

penetration through the cover if structures are built

upon it. capping is best used when no structures are
planned for the site. All reasonable steps should be
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taken to prevent or prohibit construction of buildings
on canpect wastes as long as possible.

2.2.1.3 Advantages and Disadvantages

Advantages — The advantages of capping are ease
of application, the fact that it is a well-known
technology, and ita enh refiantIity when maintained

properly. Another advantage of in situ capping is its

Figure 2. Schematic of a cower profits. (Reprinted from in)
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relatively low cost. Covers that are effective An-222
barriers may be effective gamma radiation shields.
The soil characteristics are not as critical as they may

be for stabilization or other treatment technologies.

Disadvantages — Capping the ration-emitting site
does nothing to eliminate the source of radioactivity
from the area of concern. It simply impedes release

by shielding and trapping. Thus. the cap must remain
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intact. without penetrations, indefinitely. Tree roots.
excavations for various purposes, such as utilities
repair, and unwitting excavations or penetrations
(e.g., post holes) could result in significant leaks.
Building construction, as indicated abOve„ IS a clear
threat to a cap. In addition migration of uranium and
radium in the ground water could still occur.

2.21.4 Information Need:

As noted above, capping probably can be applied
without the detailed site materials characterization
necessary for most other types of remediation.
However, it must be determined whether other
hazardous materials are present: remediation
requimments for nonradioactive hazardous materials
may take precedence.

2.2.2 Vertical Barrfer3

2.2.2.1 Description and Development Status

Vertical barner walls may be installed around the
contaminated zone to help confine the material and
any contaminated ground water that might otherwise
flow from the site. The barrier wails, which might be
in the form of slurry walls or grout curtains [13,91.
would have to reach down to an impenneable natural
horizontal barrier, such as a clay zone, in order to be
effective in impeding ground-water flow. A barrier

wail in Combination with a surface cap could produce
an essentially complete containment structure
surrounding the waste mass.

Slurry walls are constructed by excavating a trench
under a slurry. The slurry could be bentonite and
water or it could be Portland cement. bentonite and
water. In cases where strength is required of a
vertical bamer, diaphragm walls are constructed with
pre-cast or cast-in-place concrete panels (91.

An illustration of the slurry wall construction process
is shown in Figure 3.

(Irma curtains f.9! are constructed by preSSUre-

inlecttng grout directly into the soil at closely spaced
intervals around the waste site (Figure 41.

The spacing is selected so that each "pillar of grout
intersects the next, thus forming a continuous wall or
curtain. Various kinds of grout can ba used, such as
Portland cement, alkali siliCate grouts, and organic
polymers.

2.2.2.2 Potential Applicable Situations

Vertical barriers could be considered for use to
prevent or delay escape of liquids and perhaps gases
(if installed in combination with a cap), until a more
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desirable permanent remediation technology is
adopted.

Barrier walls could be considered only for large
discrete masses of waste materials or around several
smaller masses close together. Barrier walls are not

totally impermeable to water.

2.2.2.3 Advantages and Disadvantages

Advantages - Vertical barriers in soil and soil like
materials are relatively simple to install. They may
save me expense of excavating and removing the
contaminated material. In addition, they might serve
as a vessel within which an in situ treatment proceSS.

such as contaminant extraction. could be carried out.

Disadvantages - It is difficult to obtain truly low
permeabilities in grout curtains constructed in



unconsolidated materials (61. Neither slurry wall nor

grout curtain does anything, in itself, to eliminate the
pmblam of redicaa—aaity or any other contaminant.
Each simply improves the confinement of the
contaminants to the site.

Another potential disadvantage is the possible
deterioration of the barrier wails resulting from the
chemicals contained in the waste, particularity organic
chemicals. A vertical barrier would not stop vertical
Contamination to ground water below.

As with caps, barrier wails do not eliminate the
radioactive contents of the enclosed waste. They can

only inhibit the spread of the contaminants. They do
not inhibit the release of radon as a cap would.

2=4 Information Needs

The successful installation of a vertical barrier wail by
the slurry wall or grout curtain technique requires
detailed prior knowledge of the soil's physical and
chemical characteristics (91. As a minimum, the
characterization of any liquid contaminants is
required. Many common chemical (particularly
rganic) contaminarea uncentrellea waste .sites can

destroy certain grout materials or prevent them from
setting.

2.3 Ott-Site Disposal

Off-site disposal. as the term is used here, means
controlled disposal at a site that is engineered or
chosen for the purpose because of certain
characteristics. Hydrogeological conditions at the site
is one of the factOrs that must be considered in

selecting off-site land disposal sites. Disposal may

be very near the contaminated site or it may be very
remote. The choice may depend upon site availability,
security. public acceptance. cost, safety, and other
factors. Off-site disposal is considered here to be a
final stage of remediation. whether it is applied to
untreated waste or to the extracted. encapsulated, or
Solidified wastes. Land encapsulation, land spreading.

underground mine disposal, and ocean disposal are

the off-site disposal methods reviewed in this
chapter.

the case of rartinsartivo waste it is net dear that

deposal with treatment will be superior to disposal

without treatment. The off-site disposal technologies
are discussed here without attempting to judge their
relative ecceptability. Given the length of time that the
raclioaa waste will be a hazard, the design must
inciud reater attention to dagradational

chars:a-isms of construction materials than has

been normally considered for hazardous waste
disposal sites.
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2.3.1 Land Encapsulation

2.3.1.1 Description and Development Status

Land encapsulation is a proven, well-demonstrated
technology. EPA has produced many publ'cations
dealing with the technology of hazardous waste land
encapsulation (all of the Technical Resource
Document series) (101. F.gure 5 is a cross-seeenn

of a conceptual design of a land encapsu:ation

structure [1,111. Nuclear Regulatory Commission

(NRC) and EPA ;lave jointly developed guidance on

land encapsulation siting and design for commarcial
mixed low-level radioactive and hazardous waste
disposal faciiities (6.71 (see Appendix A. Addeedai.

Land encapsulation is a technology that is likely to be
considered at some stage in every site remediation

case. especially with radioactive wastes, because the
radioactivity cannot be altered or destroyed.
Alternative technologies may be applied to the waste,

as described later, to reduce its volume, but the
concentrated contaminants must still be contained.
DOE has used land encapsulation or some variant of

it at the FUSRAP sites that have been remediated
(see Appendix B).

Land encapsulation can occur on site, but this may
not be an option in all situations. If a radioactive
material processing plant is the source of the waste
and is near the contaminated area. the plant site
could be a prime possibility for the land enreesulatinn
location.

Alternatively, a remote site dedicated by a state or
other government entity to radioactive waste
containment. possibly could receive waste from any
number of sources within the state. The control
inefficiencies associated with operating diverse sites
over long periods could thus be minimized.

A variation of the in-state concept might be the
placement of the radioactive waste in the base of a
new municipal solid waste landfill. The landfill would
require a low-permeability liner. The solid waste atop
the radioactive wasie would delay the emission of
radon until it had decayed and would absorb gamma
radiation. Since the eventual land encapsulation cover
would not be breached. at least for many years. the
radioactivity would not be of significant concern.

There is potential for problems if landfill leachates
were to mobilize the radionuclides buried below the
garbage. Another possible problem with this concept
is methane generation in the municipal waste. If the
methane should acr-artga, radon might acte....16,0 with it,

There are three existing NRC-licensed (by states)
commercial low-level radioactive waste saes. at
Hanford, WA: Beatty, NV; and Barnwell. SC. The
Barnwell site cannot accept radium waste. Although
probably capable of safely containing



Figure 5. Schernedc of s lend encapsulation system. (Reprinted from (11.1
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Superfund sites, the other two may be reluctant to
accept the wastes for many reasons, not the least of
which is the scarcity of containment space. States in
which these facilities are found are beginning to
refuse wastes from outside their state or outside their
compact states, and are permitted to do so under
LLRWPA. Disposal at such remote out-of-state
Sites may well be the most difficult. and the most
expensive, of the Land encapsulation options (1

Al
416.1.16 I.416 rvaa7i11 1 1.40114111.6411111.11,11 0111411MIVIJI 10

Land encapsulation may be appropriate for wastes
that have not been treated, as well as for
radionuclides extracted from a soil or other type of
matrix. In fact, it may be the most appropriate final
disposal method in most situations. To date. DOE has
been utilizing either temporary storage or permanent
encapsulation as the most viable remedial
alteratives.

2.3.1.3 Advantages and Disadvantages

Advantages - Land encapsulation is a proven,
workable technology for the disposal of low-level
radioactive wastes. It can be a viable solution at a
reasonable cost. The radionuclides would be removed
from the site and would not be a significant problem
at that site.

Disadvantages - Finding an appropriate site for
construction of a land encapsulation may be difficult
due to the current public aversion to this technology.
Finding an existing secure site outside the
containment property that will accept radioactive
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wastes may also be difficult. Outside the
contaminated property the wastes will require
transportation and handling. Transportation of large
volumes of radioactive materials also carries certain
costs and risks. There will be considerations of safety
and permitting in any case, but if the radionuclides
have been concentrated by extraction and separation
processes, these problems may become more
difficult. Longevity is a consideration in the design of
the disposal site. An appropriate site will have to be
found for the radionuclide concentrated fraction of the
material. In any case, the disposal site issue will have
to be faced at some future date.

2.3.1.4 Information Needs

Relative to other technolociies. minimal information
about the site soil characteristics is required prior to
land 1.c:capsulation. The levels of radioactivity and
quantities of nonradioactive hazardous materials are
certainly important, but soil grain size and other
physical characteristics do not have a significant
impact on ,pplii-shility rkf elttpar
characteristics of the potential disposal site. however,
must be fully analyzed.

2.3.2 Land Spreading

2.3.2.1 Description and Development Status

A disposal option not often considered for radioactive
waste is spreading on land fin This could be art
option for untreated soil with low radioactivity levels.
The material could be transported to an appropriately
selected and sufficiently large expanse Of remote



open land and screed to a degree that the soil
radioactivity level approaches the natural background
radiation level of these materials. The material can
also be blended with dean fill for dilution and then
spread over the land or oisposeci under road beds.
This technology has not been demonstrated for

radioactive waste. Land spreading of radium sludge
from drinking water treatment systems has been an

allowed policy in Illinois since 1984.

2.3.2.2 Potential Applicable Situations

Land spreading appears to be more appropriate for

dru. granular, soil-like materials or tailings that are

not mixed with other contaminants.

2.3.2.3 Advantages and Disadvantages

Advantages - The technology appears simple and
relatively inexpensive: it could result in a permanent
remedy for the contaminated sites involved.

Disadvantages - Selecting a site to receive the
materials would likely be a politically and socially
sensitive issue. The types of materials that could be
accepted would probably tall within a very narrow
range of physical and chemical chaaactenstics. The
technology has riot been demonstrated. Convincing
the public of its safety would be very difficult. A
potential problem may be emitting respirable particles
into the air. Land spreading could contribute to a
non-point source pollution problem generated by
native soil.

2.3.2.4 Information Needs

Pa.-mica this triehriningy ic an untried enneept_
information needs have not been worked out.
However, there seems to be no doubt that detailed
physical and chemical characteristics of the waste
matrix would need to be gathered. Site selection
critena would have to be developed for the receiving
Site.

2..3.3 Underground Mine Disposal

2.3.3.1 Description and Development Status

Abandoned mines could provide sites for the
permanent dispoaal of radiologically contaminated
wastes. A conceptual layout of a mine disposal facility
is shown in Figure 6. This is one way to plan for

distance between the radioactively contaminated
material and the human population, although ground
water could provide a route for the contaminated
material to reach the population. Some research has
been done on the possibility of using mines for the
disposal of hazardous waste 112-141 and, more
specifically, for dioxin-contaminated wastes in
miaanuri In the tarter case. abandoned mines in
that state were examined. The results were
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encouraging from a technical standpoint, but the
concept has never been implemented in the United

states.

The DOE is currently working on a mine repository for
radioactive waste called the Waste Isolation Pilot

Protect (WIPP) in New Mexico. While this repository
is designed for higher activity materials than most of

the Superfund material. the concept might be
applicable. particularly in light of the possibility of
volume reduction. Mine containment of hazardous
waste in Europe has been successful {16].
Multipurpose use of a mine for hazardous waste and
far low-level radioactive waste might be considered

and would likely reduce the per-unit costs of waste

disposal.

Underground mine disposal would not be appropriate
for radiologically contaminated bulk liquids or
,ai MAJ.,tainenzed waste.

For mine disposal, as for any off-site disposal,
excavation of the contaminated materials would be
necessary, and they would have to be transported to

an appropriate site.

Any of the waste volume reduction and solidification
or vitrification techniques described in this document
might be used prior to mine disposal, Solidification or
vitrification of the material, whether or not the volume
has been reduced. could provide even more security
for final containment in the mine.

The principal drawback to the mine disposal option
may be cost. The use of an existing abandoned mine
might overcome that obstacle. With appropnate site
selection. there are few, if any_ . technical disad-
vantages to this option.

2.13.2 Potential Applicable Situations

Mine disposal might be considered for use for a
variety of raaionuclide anal matrix typea. Ac noted

above, it could be used to dispose of wastes with or
without prior treatment, although volume reduction
and/Or solidification or vitrification might facilitate the
process. Wastes that have been concentrated by
extraction or separation techniques may be
panicuieriy apprupriiiitts ter mints   trey

are likely to be more radioactive, requiring disposal
that is more remote and more secure.

2.3.3.3 Advantages and Disadvantages

Advantages - Mine disposal. if done properly,
Should provide a very secure and remote containment
of radioactive wastes. This technology has been used
successfully in Europe for hazardous waste.

Disadvantages - The mine disposal of hazardous
radioactive waste may be among the more costly



Sour, G. Conceptual view M a mine storage facility. (Reprinted from (131.)
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disposal alternatives, particularly if a mine must be
excavated for only that purpose. Wastes must be
excavated and transported with the associated permit
anal safety ninnrialnc.. The use of an abandoned mine
would involve the cost of reconstruction and may
pose safety hazards. Also, the ground water must be
protected.

2.3.3.4 Information Needs

As with most technologies, the waste being dealt with
must be carefully characterized. The mine site must

also be carefully described and judgments made as to
feasibility or applicability on the basis of the
information gathered. For example. the hydrogeology
must be known in detail. so Mat any ground water
contamination may be prevented.

2.3.4 Ocean Disposal

13.4.4 1111.• 
C Pats .0
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The concept of ocean disposal of low-level
radioactive wastes is not new. As shown in Table 3, a
sizable amount of these wastes was disposed at sea
between 1946 and 1970 OIL

The radioactive wastes that have been disposed at

sea were usually in concrete filled drums or

Hazardous Waste
Storage Cells

11

Administrative
Often

Security
Office

J y

containers. Three sites were used in the Atlantic
Ocean. One was 12-15 miles from the coast in 30C
feet of water near Massachusetts Say. The other two
were in water deeper than 6.000 feet. one 150 miles
off Sandy Hook, NJ. and the other 105 miles off Cape
Henry. VA.

Two sites were used in the Pacific about 48 miles
west of San Francisco On

2.3.4.2 Potential Applicable Situations

Ocean disposal could be considered for tailings and
other radiologically contaminated soils that are free of
other hazardous wastes. This alternative should not
be considered for anharcad matanalo or
concentrated residuals. Stabilization techniques could
be applied to the waste before emplacement to
provide for more security against Waits. For those
materials contaminated with hazardous chemicals, the
potential danger to manna biota must be evaluated.

2.3,4.3 Advantages arid Disadvantages

Advantages - Ocean disposal offers the opportunity
for extreme isolation of low-level radioactive waste.

Disadvantages - Transportation of the contaminated
materials will involve transfer between land and sea. It



Table 3. Orcian-Oisoased Low-Level Radioactive
Waste, 1946-1970

Yte.

Monter of

Containers

Esemated actrodey at WO ad

disoosal tin cones)

1946.1960 76,201 93.600

1961 4,067 275

1962 8020 478

1963 129 9

1964 114 20

19155 24 5

1966 40 105

19$7 12 82

1968 0 0

1969 25 26

1970 3 3

row 65.758 64 673

the radioactive contaminants should be released, the

potential for dispersal and dilution is immense.

1 kA Infnrrnolirin

Detailed characterization of the matrix, including other
hazardous matenals, would be required before ocean

disposal could be considered. If solidification or

venfication, as used in past disposal of radioactive
materials, were first applied to the waste, the
chemical compatibility of the solidiezation agents and
the waste would need to be determined. However,
solidification or vitrification is not required: ail that is
needed is an assurance that the material will reach
the bottom and will not stay suspended in the water.

2.4 Typical Costs of Disposal Methods

The cost of the application of any of the disposal
methods described in this chapter will depend upon
many factors. including waste and site characteristics.
Thu. the costs   estimated reliniey for any

method and for any site at this stage. because most

of the prerequisite information is not available. It also
must be cautioned that many. if riot most. of the
controlling factors will be site.specific. The cost far a

method at one site may be vastly different than for

the same metn00 applied at another site. isepeclatly

when transportation costs are involved. Costs for

off-site disposal would include transportation as well

a. disposal costs. and all but in situ options must take

into account excavation costs for the contaminated

materials. Those disposal methods requiring waste

treatment will involve treatment costs as well.

Despite the limitations and cautions. some typical

costs of disposal methods are presented in Table 4.

These costs are not intended to be applicable to any

material 
mint site. Casts of returreig "clean- treated

material to a site are not included.

12



Tab* 4. Typical Costs of Various Oisposel MethocW

These coo are presented to grid some typical coca actor the referenced coortions. They ay not
"'taxied to be acipitroole to any particular tie. Casts d Muffling -clean" treated material to a ste
are not witsuded.

Flarrodiation Method Costing Vries
Metenais 6
Installanon'

First Year
O&M'

Oaciorro with oars im 913.200 50.4.4

Vertical boner sq M 933-37Tsorry
waled

Grout anima Cum $208-403

Excavation and secure cu m $275-895 3-04.5
WO encoouiauon0

Land Weeding No data found -

Nov isidarground Cu m 9399-942 52.50-18.00

Existing underground
mine4

5193-523 52.50-18.00

Ocean disposal 9332-40/

Comments

Area units to
vertical laPe

Coat for owed
sal volume

-

• Costs are me, ipsds. Costs are from different sources and may be derived from different
soma idrvIrom mori tivianntnna mer rwit it elquoily nnernarshildn.

4 Low cost naives cost of cadging only [111. The matenet consists of radiation residues from
uranium processing and contaminated WA The high coat includes cost of excavalion.
tratedortabon. and legal assotanCe. Cast to as acotesson is not included. The material COnalara
Of coitteminond sods.

b Low costs are for scot sot vein 9m clean of excavaaon, arid the MO costa are for hard sot with
37rn depth at escapism (3.91. Thais costs are for hazardous wean. Soloed sce conCOons neve
M Nein ~obeli

c Low coos are for Pcotancl can grout and NO coat are f01 40% sooner Ocean grout m rocky
add f9]. These cases are for hazardous maser the 5080780 sal conditions nave not been dennfoct

d Low coat includes cost of excavation and transportation. but dose not wieludiS Can for disposai ste
mammon (1]. Transocitoon coos are from McnictawfWest Orange and Glen Ridge kt a lend
encadeulaton cell in Glen Ridge. High coat includes cat of Wanaoortocn and eicavaton. at.. but
does not inctOe cost d Comsat ate =wart.= Trzropurtalon coat d from Niagara Feria NY to
Hinkset, WA (III,

• Coos as for sorage of noosclosave hazardous webs. Specific condoms could no be clerielied

t Low cool includee Wet of excavation and iransportiOcn to cceen Own* as Orl New Jersey/New
Yon more (111. High cos includes cost of eicavaeon and tranaperPlaCel 0 a undetermined
ocean dump so (11. Memel is ranotopolly cottonwood oak
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Chapter 3

Tretrnont

3.1 Introduction

This chapter discusses on-site treatment tech-
nologies that may immobilize radioactive
contaminants. These technologies include:

• stabilization or solidification
- vitrification

Theca terthnninelies efts rant reduce the amount of the
contaminated material. However, they immobilize the
contamination in the waste material and limit the
spread of radioactive material.

Each of these is discussed below. The state of the art
of these on-site treatment technoleeies is shown in
Table 5.

3.2 Technologies of Potential Interest

3.5 1 nositiiii2atinst es, ealielification

3.2.1.1 Description and Development Status

Solidification is a process that produces a monolithic
block of waste with high structural integrity. The
contaminants do not interact chemically with the
solidification agents but are mechanically bonded. A
stabilization process usually involves addition of
reagents. which limit the solubility or mobility of the
waste constituents. Solidification and stabilization
techniques are often used together 11 I.

The intent of solidification andlor stabilization of the
contaminated soil materials would be to limit the
spread of radioactive material via leaching, etc., and
to trap and contain radon within the densified soil
mass. While the contaminants would not be removed
and would remain active. the mehtlity of the
contaminants .xould be eliminated or reduced.

Waste materials at Superfund sites could be solidified
in two ways. One is to inject the solidifying agent into
the materials in place. The other is to dig up the
materials and machine-mix them with the solidifying
agent. The solidified materials from the latter process

15

could then be re-deposited on or off site in
engineered containment systems (1,21.

In in situ solidification utilizing grout injLotion
technology, grout would be injected directly into the
soil containing the radioactive source materials
(Figure 7). This technique has been proposed by
DOE for by-product radioactive wastes (31. If
successful, the materials would be solidified and
radon would be contained long enough to decay to its
daughters. The solidified material also might reduce
mobility of radioactive and nonradioactive
constituents; if not. the material would require
isolation. The solidification technique thus might be
better suited to materials that are already buried
nqr4lor renal

In situ grouting for stabilization purposes requires
extensive and detailed characterization of the waste
matrix before the process is undertaken (Oak Ridge
National laboratories. staff, personal communications.
May 19, 1987t. C.",,nemic,al grouts are better suited to
fine-grained soil with small pores, while cement
grouts are best for coarse-grained materials. Greater
effectiveness might be achieved if both techniques
are used together cement grouting first, followed by
chemical grouting. Lime and fly ash have been
injected together to stabilize abandoned solid waste
sites (41„

The second way to solidify the waste materials is to
excavate and mix the waste with solidifying agents in
either a continuous or batch process [41. Portland
cement. pozzolanic fly ash, or any of a number of
chemical fixation agents can be used in the process.

Bitumen (asehaff), because of its excellent binding
and sealing properties. and its weatherability, can be
an effective solidifying agent.

Excavation and mixing would be followed either by
placing the solidified soil in containers or by burial on
the site. The use of containers provides greater
assurance against release of radioactive materials and
allows for flexible storage, either on- or off-site.
On burial eels or wittiout containers would
require a soil cover of sufficient thickness to absorb
the gamma radiation.
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3.2.1.2 Potential Applicable Situations

Solidification could be considered for use in a variety
of situations. It offers the opportunity of leaving the
waste materials on-site in a relatively immobilized
state. It could be applied to materials with a range of
physical characteristics. and is particularly applicable
to highly porous and permeable matrices.
Solidification may be useful where increased material
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strength is desired, such as in a matrix of municipal
solid waste.

For residential sites. the in situ method may not be
suitable, since maintenance of utilities would be
difficult. Also, it probably is insufficient to reduce
gamma radiation exposure substantially.

The injection solidification technique is best suited tc
materials that are already buried andior capped and
may provide more security against the escape Fq
radioactive material entering the environment.

3.2.1.3 Advantages and Disadvantages

Advantages - Solidification may be able to reduce the
release of radon and associated radioactivity to
acceptable levels at the waste site without removal of
materials for off-site containment.

Solidification may also facilitate transportation and
off-site disposal of radioactive contaminants with the
use of containers, especially where volume reduction
or extraction techniques have been applied
previously.

Disadvantages - While solidification may work
initially, its long-term effectiveness is not known.
Working against the in situ solidification technique
may be the location and configuration of the
contaminated masses. if they are thin, discontinuous,
and at or near the surface. injection grouting would
obviously face significant difficulties. In situ
solidification would be impractical for residential
areas. In situ solidification, as with other disposal
technologies. may trap the radioactivity, but does not
Niminate .4 If other typfis yeaSle ere
included in the waste. they may interfere with the
solidification process. Organic chemicals could be
particularly troublesome and could eliminate
solidification processes from further consideration.
Excavation coupled with solidification may be more
COS* then excavating and land encapsulation.

3.2.1.4 Information Needs

Before a decision can be made concerning the
usefulness of the process for the Site being
considered, detailed information on the matrix (e.g.,



soil) and associated waste characteristics must be
known.

3.2.2 Vitriticaticn
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Vitrification is a process in which the contaminated
material is ft ated to its melting temperature. then is
allowed to cool and solidity to a glassy mass. In the
sintering process the contaminated material is heated
to produce a coherent mass without meltina. The
process may be applied in situ or it may be applied to
material excavated and transported to a fixed process
site.

The in situ vitrification process has been
....nsirone•••••milt• nerfiediael in er,le h.. izt•tro.t.u.. Oa ri4:n

Northwest Laboratories j51 with the intent of
potentially applying it to radioactive waste sites and/or
Superfund hazardous waste sites. The concept is
depicted in Figure 8. Presumably, the radionuclides
would be trapped, and some radiation would be
attenuated by the resulting material.
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Vitrification is a high energy consuming process. In
the in situ vitrification process. electricity is applied to
electrodes placed in the ground over the waste mass.
The ground and waste mass heat and melt, and the
melting zone grows downward. A hood to catch
gases is placed over the zone, and the gases are
treated or removed to prevent air pollution.

In the full-scale concept, electrode spacing would be
3.5 to 5 m. and the power required would be 3750
kW, for an expected vitrified mass of 400 to 800 tons
[Si-

An in situ pilot-scale experiment was completed in
the summer of 1987 at OF1NL on natural soil spiked
with cesium and strontium to simulate the radioactive
contaminants. Results of this experiment are under
evaluation. In July 1987 an in situ vitrification process
was field demonstrated on a transuranic waste site at
Hanford, Washington. The results of this field
demonstration are being rival:Ja:ad Io oat t.kl!.%
Northwest Laboratories, Personal Communication,
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February 1'968: arid ORNL. l•--efsboal Communic.atica,
May 17. 1987J.

The vitrification also could be performed on
excavated materials on site or off site in an erect=
furnace or in a rotary kiln (61. In the first. the
materials would be melted and poured into molds. In
the second, the contaminated materials are sintered
in a rotary kiln. While sintering may not necessarily
produce a solid monolithic mass. it may reduce
availability of the radioactive constituent for leaching
and therefore may be appropriate for containing the
radioactivity.

The products in either case are likely to require an
engineered final disposal method.

3.2.2.2 Potential Applicable Situations

The in situ vitrification process has been developed
specifically for application to low-level radioactive
waste sites, particularly to be used by DOE in its
remedianon programs. In situ venfication works on a
variety of matenaie to a iinirted extent.

The effectiveness of the process is very different for
different radionuclides and different cherritcal.a. the
volatility and mobility of the ibie.maiit or compound are
important factors in applicability of the method.

3.2.2.3 Advantages and Disadvantages

Advantages - In in situ vitrification the materials do
not require excavation; the process could be applied
to materials with minimal prior preparation. The
radioactive material is trapped in the vitrified mass.
and releases to the environment are reduced.

EJectric furnace vitrification on excavated material
would produce a glassy mass, which can be poured
into rnolela of crime convenient site The gissy
blocks might supplant waste containers or
solidification blocks. Such treatment might be a
preprocessing step to mine or ocean disposal. The
rotary kiln is significantly more energy-efficient than
the electric furnace.

Disadvantages - Many substances would probably
volatilize in the process. requinng gas ColleCtion and
treatment devices. Radon trapped in the material
matrix could be released during the process, and
radium may volatilize. The use of the process in
residential areas may pose difficulties, including
problems in future underground utility repair work.
Even if this were to be successful, the vitrified
material wilt remain radioactive. Additional shielding
may be required for protection from gamma radiation.
The vitrified material. if near the surface, may still
require removal from residential areas.
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excavation and transport of the waste materials to the
vitrification site. This would add to the cost. The
rotary kiln may not he suitable for radioactive wastes.
as it does not produce a secure, solid. monolithic
mass.

3.22.4 Information Needs

Detailed waste characterization will likely not be
required to make the process work. However, the
characteristics of the materials. including the matrix
nrvi the. egnritaminanta rtaari to toe linemen in ciinmin

detail in order to determine the volatilization
characteristics, so that control of off-gases may be
planned correctly.

3.3 Typical Costs of On-Site Treatment
Technologies

The cost of the application of any of the treatment
technologies described in this section will depend on
many factors, including waste and site characteristics.
Thus, the costs cannot be estimated reliably for any
technology and for any site at this stage. because
most of the prerequisite information is not available. It
also must be cautioned that many, if riot most, of the
controlling factors will be site-specific.

Despite the limitations and Cautions, some typical
costs for treatment technologies that immobilize the
radioactive contaminants are presented in Table
6.These costs are not intended to be applicable to
any particular site.
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Chapter 4

Radon Control

4.1 Introduction

Although the main intent of this report is to
summarize technologies that might be used to
remove. contain, or immobilize the radioactive source
materials in Superfund sites. where radioactivity has
resulted from material processing or waste disposal
operations, there may be sites where it is more
desirable or logical not to disturb these materrals, at
least for an interim period.

Control processes using ventilation are airewly used
to some extent to lower the radon concentration in
residences contaminated with naturally occurring
radon. Radon control from soil can .be approached in
three ways: (1) radon reduction in homes through soul
gas ventilation: (2) electrostatic precipitator contra
and (3) areal ventilation from the soii above the
contaminated source mass. Each of these is
discussed below. Table 7 shows the state of the art
of radon control technologies.

4.2 Methods

4.2.1 Radon Control and Reduction in
&Wings

4.2.1.1 Description and Development Status

Radon may accumulate to unacceptable
concentrations indoors. EPA has provided quo:lance
that recommends action at levels above 0.02 Wt. (4
pCi/l) to reduce annual average exposure to below
those levels. Note in Table 8 that the average indoor
concentration is estimated to be 0.006 Wt. Although
exposures between 0.0$15 and 0.02 Wt. do present
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some risk of lung cancer, reductions of these levels
may be difficult and sometimes impossible.

EPA has developed and implemented a program to
evaluate venous methods to reduce radon
concentrations in residences [11. The program is
aimed at developing cost-effective technologies for
reducing radon from naturally occurring sources in
existing and new homes of all structural types. The
first demonstration projects are underway in homes
located in Pennsylvania, New Yoric. New Jersey,
Maryland. Tennessee, Alabama. and Ohio.

Radon reduction in homes is simple in concept. The
EPA program recogeizes three basic methods:

(1) diversion of soil gas flow away from the
house:

(2) barriers to prevent entry to the house: and
(3) reduction of concentration once it has entered

the house.

The techniques that may be used to implement these
methods are described in reference 2. The
techniques include sealing entry cracks in
foundations, forced ventilation of soil in and adjacent
to the foundation, and natural arid forced ventilation of
the airspace leeide the house. Examples of the
techniques that may be used are depicted in Figures
9 and 10. However, each house must be addressed

A variety of snit parameters influence radon
movement. including thickness, densities. seoc•lic
gravities permeabilmes, porosities. and moisture
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content. These parameters in turn affect the diffusion
and emanation coefficients of radon [31I.

4.2.1.2 Potential Applicable Situations

Site-specific house remediation techniques for radon
levels are currently being demonstrated. The
techniques apply to radon emanating from the
unciertvir,a soil, whether the source is natural or a
mar.-made waste mass. Radon control from
buildings may be a viable interim technique while
considering and implementing source removal
alternatives.

4.2.1.3 Advantages and Disadvantages

Advantages - Radon reduction techniques for existing
homes can be simple, effective, and relatively
inexpensive. They may be temporary alternatives
while awaiting removal of the source radionuclides. if
this is being consiclered. However, in many instances.
the solutions can be relatively difficult and expensive
when the problem is not completely understood.
Costs can run into thousands of dollars for a house if
90 • percent reductions are needed. esoecally for
large highly-finished houses with poor sub-slab
permeability.

Disadvantages - Radon reduction techniques do not
affect the source of the radon, and therefore radon
production at current rates can be expected to
continue indefinitely. Thus, the reduction system must
be maintained for as long as the building is occupied
or the source is present. Radon removal systems do
not address gamma radiation problems, potential
ingestion pathways, or the potential for unearthing
exteurio contaminated material.

4.2.1.4 information Needs

Information needs include the levels of radon
Concentration inside the structure. an inventory of all
the avenues of radon entry, the Characteristics of the
soil underlying the building, and the structural
cnaractenstics of the building.

20

4.2.2 Electrostatic Precipitators (ESPs)

4.2.2.1 Description and Development Status

Electrostatic precipitators (ESPs) are a form of indoor
air cleaner. ESPs work on the principle that when
parricies SU5Pencleld in air sitter an efiecuvw.titic field
they become charged and migrate under the action of
the field to the positive electrode, where they are
collected. The collected material is removed by
rapping the collecting surface to slough off the
particles. An ESP would be installed in a room or area
so as to maximize the air contact The ESP may
reduce the number of particles (e.g. dust and smoke)
to which radon progeny may be attached, resulting in
a reduction of radon progeny in the air. The health
effects of using ESPs in reducing radon progeny are
not known.

4.2.2.2 Potential Applicable Situations

ESPs have been used to reduce the radon progeny
levels in a store built with contaminated actObe bricks
rAi The iLl rrns klr4 ke• nrinliehri fr., in. lolel e

where the source of contamination is building
materials or the underlying

4.2.2.3 Advantages and Disadvantages

Advantages - ESPs are easy to install in rooms or
enclosed areas.

Disadvantages - ESPs do not affect tne source of
the radon. The reduction system must be maintained
for as long as the building is cccupied or the source
is present. The ESPs do not reduce gamma radiation.
The health effects of using ESPs are not known.

4.2.24 information Needs

Information needs include the level of radon and
radon progeny concentrations inside the room or
area: the structural characteristics of the building; and
air flow, volume, and pattern.

4.2.3 Soil Gas Venting and Areal Control

4.2.3.1 Description and Development Status

The term "soil gas venting," as used in this section,
refers to techniques that may be applied across the
entire area of gas production. For example. the gas
extraction that is now relatively common in and
around municipal solid waste landfills fits in this
category.

Soil gas venting has been used to remove methane
from municipal waste landfills and to remove organic
vapors from underground leaks of organic
compounds. Both active systems, where a fan or
pump is used to induce gas flow, and passive
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Figure 10. Sub...lab ventilation. (Reprinted from (21.1
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systems. which rely on the natural flow, have been

used to vent soil gases. These types of systems

might be applied to vent radon from soils where radon

diffusion and migration occur.

In landfill soil gas venting, a narrow perforated pipe is
installed in the center of the extraction well and
beatified with coarse rock. The upper part of the well

is sealed around the pipe with impervious material to
prevent air from being pulled into the well, as shown

in Figure 11. The perforated pipe is connected to a
header system and fan to extract the gas. Gas
withdrawal rates vary widely from site to site

depending on the rote of methane end carbon dioxide

generation and the landfill's porosity (5i.

Figure 11. Gas extraction well for landfill gee control.
(Reprinted from [4.1

Gas Flow

Gas Flare

Exhaust Blower

Impervious Gacidill

Perforated Pipe

Gas Flow

Perrn•atii• Material

Based on me same general principie. Terra Vac hes
successfully removed volatile organics from the soil at

several sites in the United States. Terra Vac utilizes a
vacuum pump to apply vacuum to the soil through

wells. causing an in situ air stripping of volatile
organic compounds. The extracted gases are
discharged to the atmosphere tnrcugh an activated

carbon bed which adsorbs most volatile organics 161.

If used for radon removal, direct venting to the
atmosphere may be appropriate. In some cases. the
highly concentrated radon in the vented oaS may be

of such quantity that it cannot be releaSed to the air

immediately. In this case, the gas can be passed
through a packed bed of activated carbon. Since sod

gas tends to be saturated with moisture (1 - 2% by

volume) the retention capacity of the carbon is
somewhat rnd.,ncd At 20°C 1&11V21.014 carbon can

adsorb 5000 to .(2000 cc of radon-bearing air per

gram of carbon depending on the type of carbon.
temperature. and flow rates (7]. However, over years

this could cause the carbon to become a low-level
radioactive waste.
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Active soil gas venting has also been applied to

remove organic vapors from sod. In this remedial

technology, sod gas is drawn from a well Vi set of

wells constructed near one edge of the contaminated

zone. To better induce the flow of vapor and to dilute

the vapors. another well or set of wells is constructed

on the opposite edge of the zone. By drawing air from

one set of wells, a flow gradient is established across

the contaminated zone, and vapors are drawn off (8).

Another type of active gas ventilation system. which

relies upon pumping air into the soil at one location

and pumping gases cut at another location. may be
more effective than other methods (9). Figure 12 is a

Schematic diagram of this system.

Passive soil vent systems are relatively simple and

inexpensive to construct and operate. However, they

may be less effective than active systems in
removing soil g.. since much gac flaw rirrnirg.

The passive flow would be caused by barometric

pressure changes and diurnal temperature changes
that affect soil gas movement.

The effectiveness of any soil radon removal system is
iikeiy to be very site-specific. cittperouilly largely on

the porosity at the soil, soil moisture content, the
distribution of radium in the soil, and the
chemical/physical matrix containing the radium. For

example. if the radium were contained in a tightly

compacted and/or wet matrix, the radon would not

diffuse readily and probably would remain trapped

until it decayed to its progeny. It should be noted that
radon should not be removed from soil gas unless it

is a proven source of indoor radon for an on-site or

a nearby occupied structure. Radon in subsurface
soil. unlike methane, presents no fire or explosion

potential,

Even though soil gas venting is a popular
methodology for dealing with volatile organic

chemicals (VOC) in the sod and/or ground water, it
has some fame potential_ problems in radioactive

applications. This method has been shown to be in

violation of some State radiation emission standards.
and charcoal beds may collect more than exempt
quantities of radon decay products, making them

licensable or registerable under State radiation
statutes. Moreove:g. when these charcoal beds ere
incinerated to remove Me VOC, they may impact
Department of Transportation (DOT) regulations for
radioactive materials (transport to out-of-state
incinerator) and may impact a second state's
radionuclide emission standards (at the incinerator).

4.2.3.2 Potential Applicable Situations

Radon gas venting from a radioactive waste site
could be applied where the materials are highly
porous (high permeability) and the radon could move
freely to the extraction point. Sweden has used soil



Figure 12. Schematic diagram at a f Oteild Sit writing system. tRepnoted from (91. Courtesy of American Petroleum Institut*.
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gas venting for radon removal in small areas for
venting naturally occurring radon.

4.2.3.3 Advantages and Disadvantages

Advantages - Radon venting might supplant other
remediation techniques. The entire operation could
take place on the site without disturbing surrounding
properties. lt may be relatively low in COst.

Disadvantages - The radionuclide .'ource material
would remain in place. As long as it does, the radon
removal system would have to operate. since radon
would be produced indefinitely. The system would
require a long-term maintenance program.

The soil. if it is not totally uniform and highly porous.
would probably not be vented uniformly. Also.
absence of sufficient data on this approach makes it
somewhat unpredictable. This method does not
address gamma radiation. Adsorbing radon onto
carbon in lane quantities may be unworkable. Areas
with a high water tattle may generate large quantities
Of radioactively contaminated ground water, which
must be treated and/or disposed.
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4.23.4 Information Needs

The waste site would require detailed physical
1:;haracterizatton in order to determine if the areal
veinting   r is rwar.tif•51 Nnti hanciinIn

4.3 Typical Costs of Radon Controls

Rough estimates of costs are provided in "Radon
Reduction Techniques for Detached Houses -
Technical Guidance' [2] for various radon reduction
techniques for residences. The' cost estimates are
based upon the experience of EPA arid a number of
investigators. A summary of these rough estimates is
included in Table 9.

Typical capital costs for soil gas venting systems
range from S10 - $12 per cu m for shallow VOC
deposits (at less than 20 feet) [101. The cost includes
site preparation, dniling, piping, blowers. electricals.
decontamination and demobilization. The typical
operating cost for a soil gas venting system is $12 •
S14/cu miyr. The operating cost includes cost of
electricity, carbon, water. and labor.
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Chapter 5

Chemical Extraction

5.1 Purpose

There are several separation techniques that have the
potential to clean radiologically contaminated soils and
tailings. Th, objective of these technologies would be
to cancel...ate the radioactive contaminants. thereby
reducing the volume of soil for disposal. Chemical
extraction is one type of separation technology, which
uses chemicals to extract the radionuclides from soils
and tailings. Other separation technologies that might
be used to dean soils and tailings are discussed in
rh,T3tar. A arvi 7 of rpm re„rxr.t.

The chemical extraction technology generates several
soil fractions. One or more fractions contain the
concentrated radioactive contaminants: the other
"cleaner" soil fractions may contain unextractable
tr-dcas of radioactive containinants.

The concentrated radionuctide-contaminated soil
fractions would require off-site disposal. The intent
could be to return the "cleaner" Sad fractions. which
would be a maior porton of the soil by volume, to the
point of origin (the original excavation). Standards for
returning me cleaner soil fractions to the point of
origin do not currently exist.

It should be emphasized mat none of the chemical
extraction techniques have been demonstrated at full
scale to remove radionuclides from waste masses.
Many of these techniques are used in ore
beneficiation processes to remove a single
constituent. The waste soils often cuntain radium,
thorium and uranium. which must all be removed. The
real practinahility of thee techniques to remove

radionuclides in a field application remains to be
demonstrated. The various potential chemical
extraction techniques are discussed in this section.

5.2 State of the Art

Concerts about environmental and health problems
related to uranium mill tailings has resulted in an
extensive study of Methods for extracting
radionuclides from soils and uranium mill tailings.
These studies were initiated in order to examine the
migration characteristics of radium in contaminated
soils and uranium min tailings. and to examine
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chemical extraction as a potential method for railings
remediation [1-41.

References at the end of this section contain reviews
of those techniques with the potential for cleaning
radiologically contaminated soils and mill
These include extraction with:

water
inorganic salts
mineral acids
crImplexing reagents

There are notable differences in the extractability
rates of these methods. These extractability
differentials are caused by the types of soils. ores.
and tailings studied as wed as varying conditions
within Cld between the rriethods. Thera also have
been occasional inconsistencies in results obtained
under similar experimental conditions. In spite of
these differences and inconsistencies. significzint
trends in each method are evident and are reported
here.

Though the chemical extraction technologies have
been extensively used in extraction of uranium from
mineral ores. meir use in cleaning contaminated soils
and tailings to acceptable limits has been limited to
laboratory arid pilot plant testing. Table 10 shows the
state of the art of the chemical extraction tech-
nologies. The applicability of these technologies
would be controlled by site-specific factors. and their
capability must be determined on a site by site basis.
Research and development activities would be
necessary prior to full scale mobilization of these
technologies for site cleanup.

5.3 Technologies of Potential Interest

This section discusses the four chemical extraction
techniques listed previously These technologies
produce an extractant containing a radionuclide.
which must be treated to concentrate and collect it for
disposal. This section also discusses the following
chemical methods for separation and collection of
extracted radionuclides from the extractant:

• Precipitation and coprecipitation



Sei'vent artractinn

Ion exchange

Membrane filtration, which is a physical method used
to separate and collect the radionuclide from the
extractant. is briefty discussed in Chapter 6 of this
report.

5.3.1 Extraction of Radionuclides from Soil or
Tailings with Water

llaiteriotinn and flavainomant Status

This process would use water to extract the
radionuclide contaminants. Contaminated soil or
tailings would be mixed with large quantities of water.
The water, with the soluble radionucikte, could be
separated from solids by a combination of physical
separation methods described in Chapter 6.

The radionuclide would then be extracted from the
liquid by coprecipitation, solvent extraction, or by ion
exchange (discussed later in this chapter).

Water solubility studies have been performed
primarily to examine the teachability of radionuclides
from soils and mill tailings [5..9j. Extraction of
uranium from water is also being studied 1I0-131,
even for uranium concentration less than 3 ppb.

The water solubility of radium salts vanes. Chloride.
bromide, nitrate, and hydroxide are water soluble.
while fluoride. carbonate, phosphate, biphosphate,
and oxalate are only slightly soluble.

ine sulfate is essentially insoluble in water- and dilute
acids but is soluble in concentrated sulfuric acid
(e12304). Radium sulfate is the least water soluble of
the alkaline earth sulfates and probably the least
water soluble radium compound known. Barium
sulfate is only slightly more soluble than radium
sulfate. The water soluble salts of thorium include
nitrate, sulfate. chloride. and perchiorate. Most
prominent of the insoluble thorium salts are
hydroxide. oxide. fluoride. oxalate. phosphate,
peroxide, and hydride. Uranium salts that are soluble
in water include bromide. chloride, carbide, sulfate,
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and hexafluonde. The key insoluble uranium salts are
oxide, tetrafluoride, and tnbromide.

The extraction of radium from soil is dependent on
the liquid to solid ratio and optimum time for leaceing.
Reference materials in this area [5.7] indicate that a
15-minute law-fling time ramming the optimum

amount of radium: the incremental amount extracted
declines atter that time to almost no extraction after 2
hours.

Generally, the extraction of radium with deionized
water retrieves lees than 10 percent of the caticn
from the samples studied. As little as 0.1 percent [81
has been extracted, but as much as 40 percent has
been removed (61 under exceptionally high liquid to
solid ratios (10,000:1). In one study (9] water
removed 75 percent of the RaSO4 from very fine (-
150 mesh) slime solids. The removal of thorium with
water was reported to be 3 percent in a study of
uranium mill tailings (4.5 percent radium and 22
percent uranium were removed), but the writer was
probably acidic as a result of H2304 in the mill pond
from the uranium leaching process (121. Soil samples
from the sites of former radium extraction companies
in Denver. Colorado and East Orange. New Jersey
that were extracted with water released only 0.1 to
2.3 percent of the radium present and less than 1.5
percent uranium (81.

A detailed investigation of corresponding experiments
carried out in Japan. West Germany, and the U.S.
has led to the development of specific plant concepts
for extracting uranium from sea water 110.11,131.

I rw tyPitaj lAOSI Of eAll 1711..iing uranium from sea water
is around $30011b. However, enormous cost
differentials. rai 3ing from $11 to $1,400/1b, havo
been reported 031.

4 A. 1,? prAsottaf /11p,olie_anita Situations

This Method of extraction has not been demonstrated
in the field for cleaning soil or mill tailings. Laboratory
testing is needed to identify an applicable. situation.
Since many of the soil cleaning techniques use water
as part of their process, this method can be used as
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retreat. eel Prase.-Ice of sulfate in the soil will
decrease the amount of radium that can be extracted.

5.3.1.3 Advantages and Disadvantages

Advantages - The main advantages of using water
are that it is very inexpensive. completely nontoxic,
uses ambient temperatures. and utilizes simple
extraction vessels. The technique can be used to
dissolve some radionuclide salts. It can be used as a
pretreatrnen. technique to reduce interference at
subsequent extractions.

Disadvantages - This method requires a large
quantity of water. The process is relatively ineffective
for removing radioactivity from soils: less than 10%
removal for radium and virtually none for thonum has
been demonstrated.

5.3.1.4 information Needs

extraction with water requires the following
information:

characteristics of the soil.
Radionuclide concentration for each particle
Size fraction.

• Amount of water available.
Water analysis for total suspended solids, pH,
hardness, background radiation, etc.

5.3.2 Extraction of Radionuclide from Soil and
Tailing with Inorganic Salts

1 Maieserlprie•ri .%rtre rievatiovnent

Radionuclide contaminants can be extracted by
thoroughly mixing soil and mill tailings in a solution
containing inorganic salt. The slurry is filtered.
separating the extractant from the solid. The
radionuclide contaminant is separated from the
extractant by ion exchange. coprecipitation, or
membrane filtration [41. No field demonstration of sod
cleaning using this process has yet been attempted:
all the research work so far consists of laboratory
expenments.

A review of the literature indicates a broad range of
results with the use of salt solutions to remove radium
and thorium from mill tailings and soils. In many
cases me effectiveness of a given salt appears to be
related to several obvious variables. such as the
nature of the t--"-gs or soil laeocheinistry,
radionuclide concentration, method of extraction,
particle size distribution, and Chemical composition).
the concentration of the sad solution, temperature.
pH. solid to liquid ratio, time. and temperature P-
7,9.12,14-161.

An increasing ratio of salt solution to solid. as with
water, plays a positive role in the effectiveness of the
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solt solutionin removing radionuclides from ore
tailings and soils [3,5,91. Multistage extraction
increases the effectiveness of the radium extraction
essentially by increasing the ratio of solution to solid
[4,5,151. One study 1121 reported as little as 0.4
percent of radium removed from radium mill tailings
with 0.1 M stadium chionde (NaC1). On me other
hand, another study 141 reported 94 percent removal
with a 3 M NaCt solution at room temperature in a
twee-stage process using 20 titers of solution per
kilogram of tailings, and 90 percent with 1 M NaCl. In
another study 50 percent of the radium was removed
in a single-stage extraction with a 3 M NaC1 solution
151. Using 3 M potassium chloride (KCI), 91 percent
Of the radium-225 was removed in a two-stage
leaching process at room temperature (161.

The extraction of thorium by salt solutions has
received less attention than the extraction of radium.
One study [121 reported that, while 13 percent of the
radium was removed from uranium mill tailings with a
0.1 M NaCt solution, only 0.02 percent of the thonum
was removed. In another expenment, no thorium was
removed. by a 3 al Marl sraution. while 0" o,orent of
Me radium was extracted. However, a, study of
various inorganic phosphates [171 indicates that 60-
80 percent of both radium and thorium can be
removed by sodium hexametaphosphate l(NaP03)61
from a fine particle fraction (-200 mesh) of uranium
tailings that were produced by leaching with HeSO4.
The study also indicated that salt interferes with the
removal of uranium during the H2SO4 extraction
process. Other phosphate salts (orthophosphate.
pyrophosphate. tripolyphosphate) were not Effective in
extracting thorium from the tailings.

The ability of the salt to extract radium or thorium is
primarily reflected in the solubility of the compound or
complex that it forms with radium and thorium. The
presence of sulfate in soil greatly affects the ability of
the inoreanic salts to extract radium, since the radium
sulfate that is formed is the least soluble radium
compound encountered in mill tailings. Hydroxide is
the analagous anion in thorium chemistry since
thorium hydroxide is the least soluble thorium
compound encountered. It is reported in one study of
ilmea ire milli taeana int that ela rftetiA at-wear-tong
power of several anions decreases as follows: >
NO3' > HCO3' > HO4' > R04-3. It was also
found that washing to remove soluble sulfates before
radium leaching helps dissolve the radium.

The. efleotivaireres ef aluminum sails in dissolving
radium and thorium is minimal, probably as a result of
the hydrolysis of the cation, producing a gelatinous
precipitate that retains radium by adsorption. This is
particularly important since many soils and tailings
contain aluminum and similar cations. The barium
cation also was round to be less effective than
sodium in solubilizing radium, supporting the
hypothesis that an insoluble barium radium sulfate



(8a(Ra)SO4) salt is a map' form of radium in most
mill tailings. [5]

The barium cation would be expected to be effective
in releasing radium bound by adsorption on particles
containing metal hydroxides_ silicas, and Clays but

ineffective in solubilizing the Ba(Ra)SO4.

The effectiveness of cations of various salts in
releasing radium decreases in the following order [3]:
Cs* > Ca'"2> Mn*2> NH4* > > Na* >

5.3.2.2 Potential Applicable Situations

Inorganic salt extraction has rot undergone field
demonstration for cleaning radiologically contaminated
sites. Laboratory or pilot plant testing will be needed
to ldentify applicable situations. The presence of
sulfates in the soil will greatly affect radium removal,
as sulfates will form radium sulfate, the least soluble
radium compound. The presence of hydroxide in soils
and tailing will similarly affect thonum removal. The
use of salts interferes with the removal of uranium by
sulfuric acid. This process should not be used as
pretreatment to an acid extraction process.

5.3.2.3 Advantages and Disadvantages

Advantages - A high pementage of radium and
thorium may be removed. Processes may operate at
ambient temperatures. Most salts are relatively
innocuous. Simple extraction vessels are required.
Recycling of salts may be possible.

Desadvievages - Large amounts of Its may be
required with large solution-to-solid ratios. Some
salts. suct• as chloride. may be environmentally
undesirable.

Infontiadon Needs

For extraction by salt solution, the following
information is required.

Physical, chemical. and mineralogical
characteristics of the soil.
Amount of water available.
Water analysts for total suspended solids. pH.
hardness.
Background radiation, etc.

5.3.3 Extraction of Radionuciida front Soil and
Tailings with Mineral Acids

5.3.3.1 Description and Development Status

Historically, radium has been extracted from carnotite
ores with thoet-i _ Hren4, hycisegeiirieri amid

(HC1), or nitric acid (HNO3) [10,191. Under favorable
conditions. up to 97 percent of the radium was
removed. Thorium ores are extracted industrially with
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(among other reagents( fuming H2504 or i-ii403 1201.
Uranium is also extracted from mineral ores by acid
leaching (21(.

Sulfuric acid, rather than hydrochloric or nitric acid. is
commonly utilized for leaching in uranium extraction
due to its less corrosive nature and lower costs.

In all these processes the ores are ground to 28
mesh and mixed with water to form a slurry. The
slurry is pumped into a leach circuit, maintaining a
pulp comstency of gn per-ent The crIlirfc aria

separated from the leach liquid by physical methOds.
The radionuclides are removed from the leach
solution by ion exchange. solvent extraction, or
precipitatitgi [211.

it appears front a survey of recent reports on the
extraction of radium and thorium that these metals
are readily extracted by several mineral acids from
soils and soil components (3.5,7.221, ores. and ore
tailings (8.9.14.15.23-281. Although fuming le2SO4 is
used in industrial processes for the removal of
thorium from ores as soluble thorium sulfate
Th(SO4)2) (20]. one would not expect the acid to be
useful for the extraction of radium, considering the
insolubility of radium sulfate (RaSO4). However.
RaSO4 is somewhat soluble in concentrated H2SO4
1291, arid several studies have indicated that the hot
acid will remove between 70-80 percent of the
radium and 80-90 percent of the thorium from
uranium mill tailings [24,281. A recent study 1251
demonstrated that between 14-40 percent radium
can be removed from uranium ores by dilute H2504
., countercurrent prrirocc at 72° r in the presence

of oxidizing agents; approximately 86 percent of the
thonum was removed.

Nitric acid has proved to be very efficient in the
extraction of radium and thorium (9.25.301. Generally,
the best results with ores and ore tailings have been
achieved with approximately 3 M HNO3 solution at
temperatures between 70• and 80•C for about 5
hours in two- or three-stage processes with
ticwirl-to-solid ratios of 2:1 to 4:1. For example, 97
perc.ant radium and 99 percent thorium were removed
from Jranium ore or ore tailings (H25a4 or carbonate
leached) with 3 M HNO3 at 70•C in a two-stage
process. with a reaction time of 5 hours [261. Over 99
percent of the uranium was also removed from the
ores. The resulting Fla-226 level was as low as 17
pCi/g, and the thorium level was 7 pCi/g [261; the
tailings before nitric acid extraction contained 716
pCi/g Ra-226 and 88 pCi/g Th-230. respectively,

Similar results were achieved using HNO3 with ores.
slimes. solids, and sand tailings (91, with 89 percent
removal of radium in a one-stage process with 5
percent solid loading. A six-stage. batch
crosscurrent process 1311 removed 98 percent of the
radium from ores and tailings with a final Fla-226



level of IT Remarkably similar results have
been obtained with HCI solutions (9.8.23.251. Like
HNIC3 extractions. the best results occur with 1.5 to 3
M HCI at about 70°- 85°C with multiple extractions.
Ninety-three percent of radium (< 28 pCi/g) arse 86
percent of thorium removal was achieved in a four-
stage, r•rinilw,-,irront prinraqc in she presence at

other oxidants [25j.

More than 95 percent of the radium was removed
with 3 M HCI at 85'C in one hour with a liquid-solid
ratio of 4:1 (91 and 92 percent radium-226 was
removed with 1.5 M rice; at C.0°C in a tree-stage
leaching process with a 4:1 solid to liquid ratio [231.
Oepending an the size of the sod particles and the
nature of the soil. 27% to 100% of Ra-226
extraction has been demonstrated in the laboratory

from soil contaminated with racium mill tailings using
0.1 M

Combining dilute acids with inorganic salts has
produced leaching solutions that achieve results
similar to those of the more-concentrated acid
solutions [9,14,15.271. Mixed NaCI and HCI solutions
were used to extract radium from mill tailings (9,141,
In a three-stage process (30 minute stage) 94

percent of radium was removed with 0.3 M NaCt rn
0.1 M HO at 25°C (14(. Calcium chloride (CaC12) in
HCI has produced very good results even at room
temperature, Rommel of 96 percent of the uranium.
97 percent of the radium, and 75 percent of the
thorium with 0.045 M CaCl2 in 0.125 M HCI at room
temperature in a two-stage leaching process has
been reported (271. A 91 percent removal of Fla-226
and 79 percent removal of Th-230 were obtained
from tailings will 1 M CaC2 in 0.1 M at 21°C
and a 2:1 liquid-to-solid ratio with 30 minutes
contact time.

An acidic environraent would be expected to have a
positive influence on the release of cations such as
radium and thorium from soils and tailings that have
the potential to bind metal ions. This is especially
important in determining the extracting power of
various acid solutions on ores and tailings, since most
of these materials contain soil particles with a large
amount of amorphous silica [up to 90 percent) and
hydrated metal oxides such as aluminum and iron

oxides.

Adsorption on surfaces of amorohouS silica or
hydrated metal oxides is strongly affected by the
acetify of the environment 12,31. The surface charge
of silica is positive at pH <I, is zero between pH 1

and 3. and becomes progressively more negative
above pH 3 (21.

Hydrated metal oxides that have aged will not readily

diS—Ive acid "lut-^fiti, but dye increase2Ptel
concentration will diminish the number of oxide sites
available for binding (31. thus enhancing the

31

dissolution of radium and thorium. Natural organic
acids. such as humic and fulvic acids found in soils.
tend to decrease their binding capacity thus
increasing Me dissolution of radium and thorium.
increased concentrations of HNO3 and HC1 also will

promote the dissolution of Ba(Ra1SO4. With

increased concentration, the salt dissolves in water

with the formation of barium hydroxide (Bal0H)2), a
slightly soluble base, and the more soluble radium
hydroxide (Ra(01-92), which are converted by the
acids to more soluble salts. barium chloride (BaC12)
or barium nitrate tBa(NO3)21 and radium chloride
(Rail..) er radium nitrnto (R2001:1)2) pg],

5.3.3.2 Potential Applicable Situations

Mineral acid extraction techniques are being

developed and have been used to extract radium.
thorium, and uranium from mineral ores, improvement
is these acid extraction processes has been
demonstrated in the laboratory. These demonstrations
show that the acid extraction processes can remove
most of the metals. both radioactive and
nonradioactive, and therefore may be applicable for
Cleaning radiologically contaminated e'en.

5.3.3.3 Advantages and Disadvantages

Advantages - An advantage of extraction with acids is
that a high percentage of radium and thorium removal
is possible. Uranium and other metals would also be
removed. These processes require relatively small
liquid-to-solid ratios compared to extraction with
water or inorganic salts, thus requiring less pumping
power and smaller holding and reaction vessels.
Cnete cart hg rail' wars if the ar.idc are recycled=

Disadvantages - The main disadvantage of this
process would likely be the increased operating and
capital costs due to expensive reagents. higher
Operating temperatures. and tne stainless steel
reaction vessels and pipes needed because of the
corrosiveness of acid. A multistage process is
needed, which adds to the costs. A major
disadvantage of these techniques is that the anions.
_wet) as NO3" or C1'. are environmentally
undesirable. The resulting chemically leached material
may create a waste stream that is more harmfui than
the original tailing mixture.

5.3.3.4 information Needs

The analyses and requirements listed below are
required in implementing treatment procedures.

• Physical. chemical, and mineralogical
characteristics of the soil.
Radionuclide concentration in each particle
size !Tatham
Amount of water available.



warn/ afmiysis for total sutpended solids, pl-1,
hardness, background radiation. etc.

5.3.4 Extraction of Radionuclides from Soil
and Tailings with Complexing Agents

5.3.4.1 Description and Development Status

This process differs from acid extraction in that
complexing agents lika EDTA (ethylenediamine-
tetraacebc acid) are used instead of mineral acids.

radium forms stable complexes with many organic
ligands (a molecule or anion that can bind to a metal
ion to form a complex). For that reason, several
complexing agents have been investigated as
potential candidates for extraction of radium from
uranium mill tailings [3.9.31-341 and, in one case.
from soils (351. Thorium is not likely to be removed
by complexation.

Several successful radium extraction tests with
compiexing agents have been reported. Up to 92
percent (to 40 pCiirg) of radium content was removed
from mill tailings using 0.15 M Na4 EDTA at 60•C. pH
10, and a liquid-to-solid ratio of about 711 in a
three-stage process (231. After collecting the Ra as
Ba(Ra)SO4, the EDTA was recovered for reuse by
lowering the pH. Another study [331 removed 80.85

of the P- with as 0."A Eri.TA   at pH
10. 23•C. and a liquid-to-solid ratio of 2:1. A pre-
wash with water (25 l:kg) removed calcium sulfate
(CaSO4). which tends to interfere with the extraction.
Using 6.65% sodium diethylenetnaminepentaacetic
acid complex (Nan OTPA), another study (341
reported removing up to 86 percent of the radium.
The crosscurrent or countercurrent process used in
this study obtained maximum yields after 2 hours at
20'-25'C with a liquid-to-solid ratio of about 9:1.

A recent study [321 described a reducing•
compiexing treatment for the leaching of radium from
uranium moil tailings. A reducing agent, sodium
hydrosulfite (Na2S204), is added in order to reduce
•3Fe and similar canons. Using 0.04 M Na2 EDTA,

0.04 M Na2S2134 and t M KC1 (to mask the
adsorption sites on silica) fort hour at pH 10 with a
liquid-to-solid ratio of 10:1. 87 percent of the
radium was removed, leaving 44 in the residue.

Adopting a procedure of keeping the liquid-to-solid
ratio initially high and slowly adding the tailings to the
leach solution had a maim effort on radium

extraction. reducing the residue from 44 to 31 pCi/g
radium. A comparison with several otoer comptexing
agents using 0.1 M solutions of the agents under the
Same conditions was made: Citrate removed 67
percent to 120 pCdg, and nitniotnacatic acid (NTA)
feloved 85 pen.-.ent to 48 th.
Solutions are 2.5 times more concentrated than the
Na2 EDTA solution (0.04 M). This study also reported

lb

the recovery of 92 percent of the Na, EDTA by
bringing the leach solution to pH 1.8.

Most of the studies of radium extraction with
compiexing agents have been with EDTA. Radium
extraction during leaching is improved by keeping the
radium concentrat low in the solufinn. particularly
in order to sniff the equilibrium representing the
dissolution of Ba(Ra)SO4 (31.

One would exoect thorium extraction to be assisted
by complexing with EDTA or another suitable
compiexing agent. Leaching of raclium with EDTA is
generally performed at pH 8 and 10. Unfortunately,
above pH 3 thorium forms a very insoluble hydroxide
whose formation competes with the formation of the
thorium EDTA complex. Thus, at a pH where the
formation of an EDTA complex with thorium would be
favored, the thorium canon is not available for
complexation.

Other cations found in soils and tailings. such as
Fe " and Ti •4. behave in a similar fashion and
compete with Re2 dissolution by forming insoluble
hydroxides that adsorb the cation. Studies [31 have
determined that thq result of these competing
equilibria will prevent the dissolution of radium with
EDTA. But with the appropriate reducing agent.
Fe•3, Ti". and similar cations will be reduced to
lower oxidation states that tend to form more soluble
hydroxides.

The radium EDTA complex formation will then
Compete favorably with hydroxide formation, causing
the hydroxides to be soiubilized, releasing radium
adsorbed on these materials [2,31. Thoritrffi cations
are not reduced to lower oxidation states.
subsequently forming more soluble hydroxides.
Therefore, radium extraction would be assisted by
prior extraction of thorium.

5.3.4.2 Potential Applicable Situations

This method of extraction has not been field
demonstrated for radiologically contaminated soils and
tailings. Laboratory experiments show that radium
forms stable complexes with EDTA. suggesting its
potential for application in cleaning radium from soils
and tailings with low concentrations of thorium. Soils
and tailings with high concentrations of thonum may
require prior extraction of thorium before using this
technique to extract radium.

5.3.4.3 Advantages and Disadvantages

Advantages - One of the main advantages of
extraction of radionuclides with a complexing agent
would be the expected high percentage of radium
removal.  L.,raayv. .t lt1 aisko j are required,

and the reagent can be recycled, thus reducing
operating costs. The process works at ambient



temperatures, and many of the reagents are
innocuous. Therefore, expensive materials such as
stainless steel for vessels and piping would not be
needed.

Oisadvantage3 Comolexmo reagents are very
expensive. This process would not remove thorium,
therefore, other processes might be required to
remove thorium prior to the removal of radium by
complexing agents. A multiple-stage process is
probably required. adding to the capital and operating

5.3.4.4 Information Neecte

The following information is required prior
extraction with compiexing agents.

Physical, chemical, and mineralogical
characteristics of the soil.
Radionuclide concentration in each particio
size fraction.
Amount of water available.
water analysis for total suspended solids. pH.
hardness, total dissolved solids, background
radiation. etc.

5.3.5 Technologies for Separating
Radionuclides from raCtil frL

The previous section discussed the leaching and
extraction technologies that produce a pregnant liquor
containing the radionuclides.

Raeium and thadign ailrartad hnm mite arid rem
tailings will be in solution with many other molecular
arid ionic compounds. Some of the ions may be
simple. while others will be complex. depending upon
the nature of the sample to be extracted and the
leaching solution(s). Other molecular substances and
material vile probably 'oe present as coiloids. Still
other fractions will be in suspension and will separate
upon settling or filtering.

The support technologies utilized in treating the
extractant to remove the radionuclides for disposal
are:

• precipitation and coprecipitation
solvent extraction
ion exchange
membrane filtration

Tho first three technologies are chemical methods
and are discussed in this chapter. The last.
membrane filtration, is a physical separation method
and is discussed in Chapter 6.

5.3.5.1 Description and Development Status

Precipitation and Coprecipitation — By addition of
chemicals the radionuclides can be precipitated.
Several stages of precipitation at controlled pH are
used. The pH is readjusted in the precipitation tank
near the end of the circuit. The slurry from the
precipitation tank is dewatered in thickeners and
followed by filtration (see Chapter 6 for description of
dewatering technologies). The filter cake, containing
the concentrated radionuclide. is then ready for

pp...4.f... pp-A...4.
with impurities. This may not be a problem on
cleaning soils and tailings. However, in extraction of
uranium from ore, solvent extraction or ion exchange

to is used before precipitation to oistain a purer product.
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Radium ionns a very insoluble salt with sulfuric acid.
Sulfuric acid is commonly used to form a precipitate
of RaSO4, but sodium sulfate (Na2SO4' is also used
(291. Thorium may be precipitated as a highly
insoluble, gelatinous hydroxide v,Ith alkali or
ammonium hydroxide in. Thorium is also precipitated
by sodium oxalate/oxalic acid solutions at a pH of 1.2
from acid solutions [34 The concentration of radium
and thorium cations in the extractant from soli and
mill tailings may be low enough that a direct
precipitation process would not be appropriate to the
collection of these radionuclides. Radium arid thorium
may be coprecipitated by the addition of a simple
precipitating agent such as H2SO4.

Small quantities of radium cations can be
coprecipitated from solution with many different
carer rTyrlyji Mil [10.171.

The use of the classical radium carrier. 8a.SO4. to
precipitate radium from leach solutions has been
reported by several investigators 14,23,31,32,38,391.
A review [361 of other natural organic carriers (such
04 taJ,iiiir tlllti yislausi) FigIVUr itIPU that Whims carriers
removed 90 to 100 percent of the radium in
coprecipitation processes. In a study (41 it was found
that BaSO4 is slightly soluble in a HNO3 leach
solution (0.07 gA in 3 M HNO3); however. 95 to 100
percent of radium may be coprecipitated from nitric
acid leach solutions using very dilute ( <10 mM)
BaCl2 solutions in the presence of sulfate ions (4.311.
The use of a silica-bed filter to remove BatRalSO4
has also been suggested for the removal of radium
from uranium mill tailings [321.

Thorium coprecipitates with a wide variety of insoluble
hydroxides such as iron, zirconium, and lanthanum as
well as zirconium iodate or phosphate from acid
solutions (201. Calcium fluoride and calcium oxalate
are also used as coprecipitants (34 One study [401
ratteutail that sn to 100 percent of the elem.!'"
coprecipitates with 8aSO4 solution: lower
concentrations of thonum (<0.09 mM) removed the
largest amount of the cation. Another study (391 used



an oxalate to remove thorium from a 3.6 M HNO3

leach solution. The oxalate is very insoluble in HNO3;
no radium was carried by the coprecipitate. Using 20

percent NaOH, more than 36 percent of the thonum

was coprecipitated in the presence of Fe at a pH of
4.2 as ferric hydroxide (Fe(OH)3) (381.

Uranium is precipitated from solution by addition of

sodium hydroxide, gaseous ammonia, hydrogen

peroxide. or magnesia. Precipitation using sodium
hvdroxiae. sulfuric acid. and gaseous ammonia
produces purer uranium with little socum.

For a plant processing 10,000 tons of uranium ore per

month, the typical capital and operating cost of
precipitation circuits are estimated to be $750,000
and $0.50 par ton nr ore processed, resdeCtively.

141.42.471. These costs are in 1985 dollars. These

costs are for uranium ore processing and are not
intended to be applicab'e to any particular site.

Solvent Extraction - Solvent extraction is an efficient
method tor sepaiating i".m a commercial scale
(421. There are no commercial solvent extraction

processes to extract radium or thorium. The solvent
extraction, as applied to uranium extraction plants,
consists of a two-step process. In the first step,
termed "extraction." the dissolved uranium is
transferred from the feed solution (or aqueous phase)
into the organic or solvent phase. The second step,
called -stripping." recovers the purified and
concentrated uranium product into a second aqueous
phase atter which the barren organic is recycled back
to the extraction step. The aqueous and organic
solutions flow continuously and countercurrently to
each other through the required number of contacting
stages in the extraction and stripping portions of the
circuit. The uranium is recovered from the second
aqueous solution by precipitation.

The extraction of metal from the aqueous solution and
its eventual transfer to another aqueous solution

strip liquid) involves the use of various reagents
(extreCtants, diluents. and mcdifierst and requires a
suitable vessel to bring about intimate contacts
between the different liquids. The isittr2i.12ntn aim the

reagents in the solvent that extract the metal ions.
Extractants that are used in recovery of uranium from

acid leach solutions are alkylphosphoric acid. amines.
tri-n-butyl phosphate (TSP) and trioctyt phosphene

oxide (TOP0).

The diluents comprise the bulk of solvent and are
inert ingredients whose pnncipal function is to act as
carrier for the relatively small amount of exeactant.
Kerosene is the most commonly used diluent.
although other organics such as fuel oil, iduene. and
paraffins are also used. The most commonly used

modifiers for increasing the solubility of the extracted
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long chain alcohols such as sodecanotspecies
[41,42 are1.

Radium compounds have very low solubilities in

organic solvents (43). In most extraction procedures
for separating radium from other elements. those

other elements are usually extracted into the organic
phase [291. For example. the use of 2-thenoyl-

trifluoroacetone (TTA) or tnbutytphosphate (TBP) has

been successful in the separation of radium from

other elements. However, a mixture of TTA and TBP
in carbon tetrachloride ICCI4) has been used to
extract radium for quantitative analysis [291. Radium
tetraphenylborate has been removed by nitrobenzene
from an alkaline solution. and solutions of 8-
hydroquinoline (I-100) and some of its derivatives will

also remove radium from an alkaline solution

(43.44,451. This extraction characteristic may be
significant in trie separation of radium from thorium in

leach solutions. There is no reported use of these
solvent systems for the removal of radium from soils,
ores, or mill tailings.

Organic solvents are used extensively for the
extraction of thorium from ore and mill tailings leach
solutions (31.36.38.391 and for the extraction of the
cations in analytical procedures (20.43.29). Generally,

these procedures take advantage of the solubility of
inorganic complexes such as thorium chtondes.
thorium nitrates. or thorium sulfates in organic
solvents. Thonum sulfates are formed during leaching

of the ore with HeSO4 and thorium nitrates, and
thorium chlorides are produced by the HNO3 or HO
dissolution, respectively, of precipitated thorium
hydroxide. Tne most common organic solvent used in

these extractions is TBP. For example. a 30 percent
TBP in kerosene was used in the extraction of

thonum from the H2SO4 (381 liquor. In another study
[391 30 percent TBP in normal-hexane was used.
Still another study [311 used 30 percent TBP in
normal- dndecane for HNO3 solutions of thorium
from leach solutions. A review of the extraction of
thorium (361 listed over two dozen organic solvent
Systems involving TSP. other organophosphates, and
various amines. which are applied to remove thorium
end actinides from leaching acids such as He504.
Ha. and Her.

Primary amines and straight-chain secondary
amines have also been used to extract thorium in the
processes for the recovery of uranium and thorium
from ores. After the extraction of iir2ntkirn with
triisoactylamine, thorium is removed with 5 percent
sec-dodecyl or 5 percent di(tridecyl)amine in

kerosene.

For processing of uranium are at a rate of 10,000
tons of ore per month, the typical capital and
Operating costs for a solvent extraction circuit were
estimated as one million dollars and $1.00Ron of ore
processed. respectively [42,411. These costs are in



1985 dollars. These costs are based on uranium ore
processing and are not intended to be applicable to
any particular site.

Ion Exchange - Leaching used in extraction of
uranium and other minerals is a nonselective process
resulting in the dissolution of elements in addition to
the desired constituents. ton exchange is one process
used for concentrating the desired constituents from
the leached solutions. The resin ion exchange
technique involves the interchange of ions between
the a.-,414et.". sotunnn anti a spttel ream, Mr& prnipricia

for a highly selective and quantitative method for
recovery of uranium and radium. The process of
removing dissolved ions from solution by an ion
exchange resin is usually termed adsorption in the
uranium industry 1421,42.45,471.

There are several resins available for extraction of
both radium and uranium. For uranium extraction by
ion excnangers. strong and intermediate base anionic
resins are loaded from either sulfuric acid or a
carbonate leach feed solution. The loaded resin is
stripped with a chloride, nitrate, bicarbonate. or an
ammonium surfate-sulfuric acid solution to remove
the captured uranium. These resins are semirigid gels
prepared as spherical beads. Radium can be
extracted by using synthetic zeolites.

The total amount of uranium that may be adsorbed is
a function of the quantity of anionic complex in
solution. Two to five pounds of tisGe can be captured
for each cubic foot of resin. Higher capacity is not
possible because of competition for ion sites in the
resin fly ether zninna progant.

The other anions present in the acid raliftion that
compete with uranium for resin sites include HSO4%
:=4"*. ehrf venous impurities that dissolve along with
the uranium during leaching. The extent to which one
of these ariions adsorbs on the resui is influenced by
its concentration in solution relative to other ions. pH,
and by the relative affinity of the resin for the anion.

Removal of the uranium from the saturated resin is
termed elution. It is customary to refer to the Eluting
solution as the eivant and to the final effluent as the
eluate. Chloride elution is best accomplished in acid
circuits with concentrations of from 0.5 to 1.5 M Cr.
Nitrate elution can also be used at a 1 M NO3'
content.

The ion exchange process is, in most plants, a
Sernicontinuous series of operations integrating the
adsorption and elution steps with various stages of
weaning, resin regeneration, etc.

Thera Are three nine of ion exchange systems: fixed
bed. moving bed, and resin-in-pulp.
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For a fixed bed ion exchange system. cylindrical
pressure vessels with dished ends are usually
constructed of steel and lined with rubber for
corrosion resistance. The resin bed rests upon a bed
of crushed and sized rock, which is in turn supported
either by a flat rubber-covered steel false bottom or
the dished bottom of the column.

For a moving bed ion exchange system, the resin is
transferred to separate columns for adsorption,
backwashing, and elution. This procedure has been
parfrirenall in eiv Canadian plants, ona U,S_
processing plant. and two U.S. mine water recovery
plants. The major plant installations utilize ten
columns per set. with two groups of three on
adsorption. one group of three on elution, and one
special column for transfer and backwashing. This
arrangement eliminates the danger of mixing iiascne.o
solution and etuate solution due to improper
operation.

The moving bed processing cycle does not vary
significantly from that in the fixed bed plants, except
that either two or three coiumns are continuously on
adsorption without interruption. and elution is
=ducted with three columns in senes.

For a basket resin-in-pulp ion exchange system.
the resin is contained in cube-shaped baskets
formed of stainless steel and covered with either
stainless steel or plastic screen cloth.

The baskets are moved up and down at a rate of
between six and twelve strokes per minute in
rectangular Shand tanks containing flowing slum, or
eluting solution. The basket movement consolidates
the resin bed dunng an up stroke. thereby squeezing
out residual solution, and expands the bed for free
solution access during the down stroke. From six to
eight stages are employed in adsorption and from
seven to fourteen in elution. ,mith more stages
required when sulfuric acid is used for elution.

Some of the new developments in ion exchange
equipment are:

Porter and Stanton contactor. Resin passes
downward and solution flows upward.
Higgins contactor. A single column divided
into two sections by rotating valves.
Jigged bed ion exchange. Uses jigged action
in the reran in r221.1.51A ronrsi dance uranium
loaded resin. Department of Delenee is
investigating the use of the equipment to
clean a missile site in New Jersey.
Winchester Fixed Bed. Pulp flow is introduced
through an oscillating distributor.



• Bureau of Mines ion exchange. Divides the
adsorption column into compartments
separated by orifice plates.

&MIA tilt GU I KS I UNI.41611912 .zyStrri I I Wirth Of
200 tans per day, the typical capital cost estimates
range between $300,000 and 51,000,000. The
operating cost estimates for that tonnage capacity
range between $1 and S3 per ton of soil processed.
[42,471 These costs are for processing of uranium
ore aria are not applicable to any particular site.

5.3.5.2 Potential Applicable Situations

Precipaadon and Coprecipitation - Precipitation and
coprecipitation have been used in some extraction
schemes to separate uranium from the leach liquor.
All currently operated uranium extraction plants, with
the exception of a few using a carbonate leaching
circuit. employ precipitation to recover the uranium
from the solvent extraction stripping liquor or from the
inn amrhangra eii,tatd prue.ipitatirin rntilri ha iimelet
directly to extract the radionuclide from the water and
inorganic salt extraction pregnant liquor.

Solvent Extraction - Solvent extraction is the
preferred technology for extractng uranium from acid
leacn liquor CO:intS. 'ff=tiviever, it has not proved
feasible to apply solvent extraction to carbonate leach
liquors or to slurries containing appreciable amounts
of solids (421.

ton Exchange - The use of ion exchange has been
documented in a number of applications. These
include:

Decontamination of uranium mill processing
water and water pumped from the mine. Ion
exchange also hag been used to remove
radium from uranium mill tailings (47J.
The Mining Science Laboratory in Canada
has demonstrated ion exchange extraction as
a means of cleaning the leach liquor from
tailings for uranium, thorium, and radium (481.
Flamenco of uranium in several clams in the
U. S. (421. •
An alkaline leaching process in which ion
exchange is used to extract the impurities and
produce a high grade liquor for prect;..tation
anri recovery of uranium (211.

5.3.5.3 Advantages and Disadvantages

Advantages - Precipitation and coprecipitation are
used extensively in uranium recovery operations.
They can be operated in both batch and continuous
operation mode, and involve .ow capital cosi.

Since solvent extraction technology involves only
liquid-liquid contacts. it is readily adaptable to other
systems and can be performed as a continuous
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operation. Solvent extraction is also readily adaptable
to efficient and economical automatic continuous
operation. Other advantages of solvent extraction are
better selectivity and greater versatility than ion
exctiange.

Ion exchange is an excellent and economic method
for removing very fine radioactive contaminants from
liquids. In the absents of ion exchange equipment.
more expensive ultrafiltration or solvent extraction
techniques are used. ion exchange is iess sensitive to
the volume or grade of liquor than the solvent
extraction techniques. Ion exchange has been
extensively used in cleaning radioactive contaminants
from nuclear power plant water streams, providing a
valuable database for the developmvnt of ion
exchange equipment to clean contaminated soils.

Disadvantages - Precipitation and coprecipitation
involve a difficult. Cumbersome. and Gasify operation
requinng complex chemical separanon. Close control
Of onerattng conditions is required. The pH must be
monitored and controlled to have better product
recovery. The precipitation procedure is not adaptable
to automatic control, and most plants currently
operate on manual.

The main -clisad.ianta.ge Vi solveilt extra is that
the feed solution must be essentially free of solids. 4.
has not proved economically leasibie to apply solvent
extraction to carbonate leach liquors. Emulsion
formation in solvent circuits causes trouble. The small
loss of solvent to tailings is not only costly, but may
be a source of stream pollution. Solvent reagents are
also very costly. The solvent extraction process is
more sensitive to the volume and grade of liquor than
the ion exchange process. Molybdenum is strongly
extracted by amines and builds up in the amine.
acting as poison.

In using ion exchange, impurities in the liquor can
overload the ion exchange resins. Trace metals such
as molybdenum. vanadium, radium, and sulfate in the
leached liquor can poison the resin, reducing its life

5.3.5.4 information Needs

The analyses listed below must be considered in
preparing to implement precipitation, solvent
extraction, and ton exchange procedures.

Chemical Composition and trace ion analysis
of the leach liquor.

• Solid content and pH of the liquor.
• Trace element content

5.4 Typical Costs of Chemical  Extraction
Technologies

It is estimated that the typical cost for chemical
extraction would range from $50-150 per ton of soil,



assuming that the waste is in a form suitable for the
use of these technologies. Transportation and
disposal costs for the concentrated and "clean"
fractions are not included in the above figure.
Because of lack of process data, the costs of some
of the chemical extraction technologies are based on
profitable ore processing techniques and not on the
costs of removing enough radioactivity from the
nenn.-nineta-1 materim to render it "demi" sunn,
these costs could be much higher. Since more
detailed process information is lacking, these figures
represent an educated guess. These costs are riot
intended to be applicable to any particular site.
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Chapter 6

Physical Separation Processes

6.1 Purpose

Radioactive contaminants in soils and in uranium mill
tailings may be associated with fine soil particles 11-
31. Separation of the fine soil particles should
concentrate the radioactive contaminants in fine soil
fractions, and thus reduce the volume of soil for
disposal, permitting more manageable soil disposal.

The physical separation techniques that can be
ariiiaeri to separate nut or concentrate radioactive
contaminants within soils are discussed in this
chapter. These separation techniques are also utilized
in the pre- or post-treatment phases of chemical
extraction treatment schemes. Physical separation
techniques are mechanical methods for separating
mixtures of solids to obtain a concentrated form of
the desired constituents. Chemical agents are added
in some cases to enhance the separation process.
Methods for separation by mechanical rather than by
chemical means are usually low in cost and trouble-
free. There are a variety of physical separation
techniques, each with a particle size range; they are
shown in Table 11 along with the physical attributes
that govern the separation processes f4-61. In any
given process a combination of these physical
separation techniques is employed to achieve the
required concentration of the desired constituents.

6.2 State of the Art

Most of the radium !n uranium mill tailings occurs in
very fine particles, or slimes. 2orrowman and Brooks
used physical separation techniques to separate
tailings into sand (coarse particle) and slime (1
Physical separation of the tailings. which contained
radium levels of 500 and 450 pCi g. resulted in
coarse particle fractions with 50 and 140 pCi g
radium, respectively.

Garnett et al. scrubbed plutonium-contaminated soil
with wash solution and then used physical separation
techniques to separate the clean sand (21. Results
from a few of the tests showed that coarse particle
fractions of the soil can be cleaned to contamination
levels of a 1, 12. and CO pCiig for soils contaminated
with 45, 284, and 7515 pCiaa of plutonium.
respectively.
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Treatment of Elliot Lake uranium mill tailings in
Canada showed that much of the radium, thorium.
and uranium can be removed using physical
separation techniques [31. The laboratory test at
CANMET and bench-scale testing at the Denison
Mill employing physical separation techniques
reduced the radium contamination levels in tailings
from 290 and 266 pCi,'g to 57 and 45 pCi.g,
respectively.

Eased on a literature review, the following physical
separation technologies show potential for cleaning
soils contaminated with radioactivity:

screening, both dry and wet
- classification
- fInt2t1rin
- gravity concentration

Sedimentation and filtration supplement these
techniques.

All the above 
i 

physical separator; processes are used
extensively n uranium extraction. Screening, gravity
concentration. and flotation comprise part of the
physical separation methods used in preparing the
uranium ore for extraction. The prepared ore is then
normally acid-leached. and the particles are
separated using classification and ion exchange.
References 7.10 discuss the physical separation
techniques used in many uranium processing
operations. Shown in Figure 13 is a process used to
clean plutonium-contaminated soil using physical
separation techniques. In this process a vanety of
technologios, including screening. classification,
sedimentation, and filtration are employed to separate
the soil into different size fractions and to separate
out the water. Other processes used to decon-
taminate Soil probably would include some
ciarnbination of these.

The state of the art physical separation technologies
are shown in Table 12. As can be seen from this
table, although these technologies have been field
demonstrated for radioactive material extraction from
ores, they have not berm Liaed remeailating 5ny
radiologically contaminated sites. Pilot plant testing
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would be needed to determine their capability for
radiologically contaminated site cleanup.

Selection of the physical separation technology for
soil cleaning is dependent on the properties of the
contaminated soil and concentration of radionuclides
in each particle size traction.

There ate several other separation techniques used in
the mining industry. which will be dcscnbed bnefly but
not in detail because of their limited applicability for
removing radioactive contaminants from soils and
tailings. These techniques include:

heavy media separation
• magnetic separation
. nilsa-trnsirntie eavarant-in

Heavy media separation techniques use heavy liquids
01 suitable density to separate light and heavy
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particles 16.11,121. Heavy media separation is
possible it the contaminant is in loosely aggregated
coarse particles. If the contaminant is finely
disseminated throughout the soil, then this technique
will not work. Alm. the heavy liquids used give off
toxic fumes.

Magnetic separation (6.11-131 and electrostatic
separation 16.11.12.141 exploit the difference in
magnetic and conductive properties between the
radioactive contaminants and the soil to effect the
separation. As with heavy media separation. if the
contaminant is finely disseminated throughout the
soil, these separation techniques are not likely to
work.

C euninauraaftiote.lasmi 064 111.4eireirs.
{.10.1 I V4•11. %1,0 .04.44.• 11.11j. .11

This chapter discusses the physical separation
technologies mentioned above. With the exception of



Figure 13. Pilol-soefe equipment test for soil decontamination. ;Reprinted from 121.1
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dry screening, all technologies—screening,
classification, flotation, and gravity concentration--
use substantial quantities of water as part of the
process. The final concentrate must be separated
from the water before disposal. The separated water
is normally purified and recycled. thereby reducing
the water usage. The solid/liquid separation
techniques. sedimentation and filtration, are also
discussed in this chapter.

In general, one his to be concerned with dust control
for dry physical separation processes and the
treatability of liquid wastes which are generated in wet
phySical separation processes. These are important
issues that need to be addressed carefully before
technology selection.
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6.3.1 Screening

5.3.1.1 Description and Development Status

Screening is tha rnec.hanical of panicles
on the basis of size. Such separations are achieved
using a uniformly perforated surface. Particles larger
than the screen openings are retained on the surface.
while smaller particles pass through. Material retained
on the surface is the oversize or plus ( material;
that passing through is the undersize or minus (-)
material; and material passing one surface but
retained on a subsequent surface is intermediate
material. Perfect separation is seldom achieved.
There are always some undersize particles left in the
oversize fraction. Nevertheless. an almost complete
separation can be achieved with the use of a slow
feed and a consequently long screening period (6-
8,11,16-171.
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Screening is normally limited to materials larger than
250 microns, with finer sizing obtained by
classification. In addition to size. there are many
factors aeecting the passage of the panicle through
the screen, including screening efficiency, particle
shape. angle of approach. and parecle orientation to
the screen. The closer to the perpendicular the angle
of approach, the higher the chance of passage.
Taggart gives some probabilities of passage related to
the particle size (8J.

The amount of moisture in the feed also affects
screening efficiency. as does the presence of clays
and other sticky materials. Damp feeds screen very
poorly as they tend to agglomerate and blind (plug)
the screen apertures. Screening must always be
performed on either dry or wet material. but never on
damp material. For best screening efficiency. wet
screening is always superior: Finer  sizes can be
processed, adhering fines are washed off by large
particles, arid the screen is cleaned by the flow of
pulp. There is no dust problem. There is. eowever.
rho inrresnr.t.ri rricr tit ridakwargarun mnri rirrrin nivi for

this reason iffy screening is preferred.

Particle size separation achievable by tr.e basic
screen types :s illustrated in Figure 14. A common
problem with screens is the blinding of the screen
apertureS will particles that are just slightly oversize.
The problem increases as aperture size decreases,
and it can result in a significant reduction in capacity.
Blinding can often be minimized by correct screen
motion or by a suitable surface material.

Problems caused by small amounts of moisture Can
be alleviated by using electrically heated screen
cloths. Although this increases the capital cost of the
screen, operating costs may decrease because of
longer surface life. Another approach is to use a gas
flame underneath and parallel to the screen surface.
With screens having aoerturee between 0.5 and 5.0
mm. ball decks are sometimes employed for cases of
Severe blinding.

Screening equipment can be classified as either
4tztinnary est dynArrile ghtiiildt Hub varintoe

screen types, and Table 13 describes them.

8.3.1.2 Potential Applicable Situations

Table 14 describes the typical situations in which the
',lam screen types are ured. 'arizzly. screens are
normally used far separating large pieces like stones.
The size of particles screened on grizzly screens can
range from 20 mm to 300 mm. Ili most applications a
grizzly is used to separate large particles, followed by
other screens for finer separation. Sieve bends can
be used for separation as iow as 50 microns. since
these devices give sharper separation than can be
achieved by wet classifiers.
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6.3.1.3 Advantages and Disadvantages

Advantages and disadvantages of the various screen
types are included in Table 14.

Ad-vantages — 4111 411 ;I I4.9.;4114.1W.4 I foi
separating coarse and fine particles.

Disachantages — Screens are subject to plugging.
thus decreasing their efficiency. Fine screens are
eery fragile and clog easily with retained particles.
High throughput reduces particle Owes time on the
screen and generally produces a thick bed of
materials through which fines must travel to reach the
screen surface. This results in decreased efficiency.
Screens are noisy, and dry screening requires dust
control. To control dust emissions. dust covers are
used. Most manufacturers can supply fully enclosed
screening, which can be connected to a dust
extraction system.

6.3.1.4 information Needs

The information listed below must be gathered and
considered in selection of the screens and
implementation of a screening process.

Particle size distribution of the feed.
• In4‘111.11‘1.16ilt.41:7 1.114114.)1J11U1 I YV1UI Narul.ir z./441.

Moisture content.
Mineralogical composition.
Dust control requirement.
throughput required.

6.3.2 Classification

8.3.2.1' Descripdon and Development Status

Classification is the separation of particles according
to their settling rata in a fluid. Water is the fluid most
Commonly used in mineral processing
(2.3.6.8.10,11,1114,17-191.

Classifiers typically produce two streams—one
:ontaining the faster settling particles caned sands
111nrisernmo me rivers:2v) and Annthar enntaintng clew/.

settling particles called slimes or overflow.

Classifier types fail into three basic categories: 11)
nonmecharecal. (2) mechanical. and (3) hydraulic.
Functionally, mechanical and nonmechanical
classifiers era se71114V and differ only in the motels Of
Sand removal. In hydraulic types the character of
separation is different because of the hindered
settling induced by the hydraulic water,

Table 15 illuetrates different classifier configurations.
Mechanical classifiers are designated by M- S.
nonmechanical classifiers by N-S. and hydraulic
classifiers by M-F or N-F. All hydraulic classifiers
are of the fluidized-bed type; some of them use
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mechalical means to remove sand. These are
identified as M-F In Table 13. The table lists ranges
of suitable operating conditions for each ctassitier.

Hydraulic Classifier - With the hydraulic classifier.
water or air is introduced so that Its direction of flow

opposes that of the sensing particles. The simplest
form of a hydraulic separator is the settling-cane.
Soitdlltquid flows into the settlingoone like a fluid
being poured into a tunnel The heavy. solid-laden
Hair Dada that hnonrei and /ha Itquid flows radially OldElf
the lip of me cone.

The mnre complex hydraulic classifiers are the Jet

Size, by Dorr-Otiver and the SuperSoner by Deicer
Co. These mull:compartmenr.

multiproduct classifiers operate on the basis of

hindered settling. Each compartment is served with
low-oressure hydraulic water. The amount of

hydraulic water is controlled so that in each

succeeding compartment the coarsest particles are
maintained in ninoereci-settiing condemn, and the
finer fractions pass along.
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Trammel

10 rem 100 mm

D-0 Siphon Sizer zu a single-compartment type
built by Darr-Oliver. Sands are discharged by
siphons extending to the bottom of the hindered-
settling zone. A hydrostatically actuated valve controls

the siphon flow. Discharge for an intermediate fraction
from the upper column can be obtained by additional
siphons. Hydraulic water consumption is consaderably
lower than required for multecompartment SUNS.

Mechanical Classifiers - In mechanical clas6ifiers, the
slow-settling particles are carried away in a liquid
overflow, and the particles with a higher settling
velocity are deposited on the bottom of the equipment

and dragged upwards against the flow of liquid by
some mechanical means. The size and quality of
Separation depends on feed rate. speed of removal,
degree of agitation, and height of the overflow weir.
Marnarpral rlace.ffiers are widely used in closed-
clrCuit grinding operations and in the classification 01
products from ore-washing plants. Various
mechanical classifiers are described below.

The rake classifier utilizes rakes which dip into the
settled ratanal and rriOva ;t U# MG ;rtctint, for a short
distance. The rakes are then withdrawn and returned



149Ufe I 01 hmaid: w. !Immo ana4 ttkoir epaa*fidetatiAwk freffinr Cerefrighl 'O 1952. Raprintod by OINTIIISOfef•
Of John Wiloy & Sons. lite.

Rsianys
Osetn-i•t/ Sci soft •

Motion Revolving

Strain*

1
Dynamic Fixed (Static)

I  I 

I 7 1 i0.3a,.,.rig Conveying Grinty Si.,. Sand Probability

..i
;  ;t Roll Traveling

Caaiing ', Grizzly SaltFlat
-r

Rotary 9411141

Raerbrocriting Gy,..ory
1

Shaking Vibrating

iftletterilai Inclined

gr./ Counterflow Elitetne
Rotation Rotation Vibration

Motion of
Surface

c 0eb: t
Motion trtPlan!..ol Scrslif? Molloy in /ano Alai/ andOarbanciicutar to Screen .72

to the starting point. where the cycle is repeated: the
settled material is thus slowly moved no the incline to
the discharge.

Spiral classifiers use a continuously revolving ;offal to
move the sands up me slope. They can be operated
at steeper slopes than the rake classifier. which
results in drier product. Also, there is less agitation in
the pool. which is important in separations of very line
matenal.

A se<1imenting centrifuge consists of a bowl into
which a suspension is fed and rotated at high speed.
The liquid is removed through a skimming tube or
Over a weir while the SolidS that remain in the bowl
are removed either intermittently or continuously.
Centrifugal sedimentation is based on a density
difference between solidS and liquk:!is: the particles
are sublected to cenmfugal forces witch make them
move radially through the liquid either outwards or
inwards. depending on whether they are heavier or
lighter than the liquid.

There are a variety of bowl designs arid discharge
mecnanisms available for industrial centrifuges.

Drag classifiers are single endless belt or chain
suspensions with cross flights running in an inclined
trough. They have long been used for draining and
classifying. They may be any of a variety of shapes
and sizes.

The countercurrent class:fie: is an inclined slowly
rotating cylindrical drum; continuous spiral flights

46

Probability

attached to me interior of the drum form helical
troughs. The direction of rotation is such that material
in the troughs moves toward the higher end. Wash
water introduced at the upper end drains from the
lifting flights above the normal water level and
progresses countercurrent to the matenal toward the
overflow.

The countercurrent classifier is normally used for
separ-tions. --steng, en.f fer clessel

construction restricting escape of heat and chemical
fumes.

The air classifier. similar to the hydrocyclone Ito be
discussed in the next chapter on nonmechanical
ciasSiiiera) uses air to produCe sparse and tine
tractions. The air classifier is used where solids must
be kept dry. for example. in cement gnnding.

Nonmechanical Classifiers - Nonmechanical
classifiers rely on gravitational or centrifugal force to
separate the coarse particles. The hydrocyclone,
settling cone, and elutnator are three types that are
commonly used.

A hydrocyclone is a widely used. small. inexpensive
device that dives relatively efficient separation of fine
particles in dilute suspension. The hydrocyclone is a
Continuous operating classifying device, which
uthzes centrifugal force to accelerate the settling rate
of particles. It is one of the most important dreficas
used in tee minerals industry; there are over 50
hyeracyclreie ITIArl'+!AellifsIrt in Iv. weer+.
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Table U.-Types or Screening Operations and Equipment Claprintsd from 181. Copyright 4' 1982. Reprinted by permission of
John Wiley & Sans,. Inc./

Operation and °eradiation Type of Screen

Scalping: Savvy. the removal of a snail amornt of oversize from a
feed that is Dretturtalately f.res. Typically mes removal 01 7.-Mr3Lelt
!milt a 140e1 .rm annfrMaltafaly; a rrIAlmnurn Of 5°. ornirSize.vld a
minimum of 54:1'a hailsoze.

Coarse: gnzzry,
Iniermemate and fine: same as used for separations

Separation, Coarse: Mating a Sije seoarauon at 4.75 and vioraung screens. ronzontai or inclined,
larger

Separaisort. Interreechare:lung a SIM separation meter than V.brang screens, nigh.siserio. sitter, and centrifugal screens, Slaw

4.75 mm and larger than 425 macron. s'e,ws.

Seoaranon. F ne Making a WO ceoaranori &TWIN man 4-4 micron. rhgn- Spam:, sifter, arm centrifuge screens. Static

hewatering: Remoyat of free water horn a soildsivraler immure.
Generally ammo 10 4 75 mm and larger.

Honzortai rimming, inclined (aoout 10'). and centrifugal screens.
Static sieves.

trash Remover Removal Of extraneous matter from a 4roce3s03
material Essentiaily a fOrm of scaming operation. Screen type via
i:ienana tin LT. rare M prece444.1 maternal,

V.Iranrci screens: horizontal or indwell Sider and centrifugal
screens. Slaw saves

Omer Aoolecarrcrrs- OeSsminge d.inveying. media recovery.
coricenfranon.

vibrating screens; fidrizontal or inclined. Oscillating and Centrifugal
screens. Slaw sieves.

A typical hydrocyctone ;Figure 161 consists of a
COrl:Cal veSS41 open at its apex. 'whoretax:et-flow
discharge occurs. Joined to a cylindrical section,
wnich has a tangential feed inlet. The top of the
cylindrical section is closed, with a plate through
which passes an axially mounted overflow pipe. The
pipe is extended into the body of the cyclone by a
short. removable section known as the vortex finder,
which prevents feed from flowing directly into the
overflow,

Because of a tangential inlet. the slurry entering the
cone rotates at high velocity. causing heavier
particles to move to the wail of the cyclone and
discharge through the apex opening. The smaller or
lighter particles !nave toward the vortex in the center,
discharging through the overflow.

The settena cone is the simplest form of classifier.
There are many different designs of cone. The
machine essentia:ly consists of a suspended circular
tank, the base of which is in the shape of a truncated
cone closed by a valve. Feed is introduced at the top.
The sand settles in the cone. while the water and
slimes overflow into a cirstul• penrthtsrsi ls..retge. A*
the sand accumulates ue the cone, the weight of the
whole machine increases. This opens the discharge
valve. When the sand is discharged. the machine
lightens. automatically closing the valve.

autrfahon 13 a process of sizing particles by means
of an upward current of fluid, usually water or air, The
process is the reverse of gravity sedimentation.
Those particles having a terminal velocity less than
that of the velocity of the fluid will overflow, while
those particles having a terminal velocity greater than
the fluid velocity will sink to the underflow.

6.3.2.2 Potential Applicable Situations

Classifiers can be considered for use in soil-washing
schemes. A typical equipment arrangement is shown
in block diagram form in Figure 13. In this figure a
number of classifiers are used.

The front end uses a scrubber. which is a drum
wasner. A spiral classifier could also be used for this
purpose. A hydrocyclone is used at an intermediate
locetion in the scheme to separate the coarser
fraction from the finer fraction. A centrifuge is used to
remove the fines from the finer fraction. Each device
is used to handle a particular size traction in the
process.

Other classifiers discussed in this subchapter can
also be used: the application is determined by soil
size fraction and solid concentration.

6.3.2.3 Advantages and Disadvantages

Advantages - The principal advantages of these
classifiers are their high continuous processing
espmeill.ty 2nel. Phan, nrtnnenLa Anil. 14144mi perir eke e.ng

track record. The mining industry relies on them as
prime movers in ore refining and processing. Low
cost per quantity at material being processed and
equipment reliability are the mator reasons for

48

selecting tne equipment.

Disadvantages - A drawback to classification is that
soil with a lot of clay and sandy soil with humus
materials are very difficult to process. In general,
sandy soils low in clay and humus constituents with a
high specific gravity are successfully processed with
the classifiers.
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Figure 16.

Feed
Entrance

Mydropyclone. (Repnreted from (61. Copyright
1985. Reonnted by permission of Pargemon
Press. L1d.1
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both in the chemical aspects of flotation and in
equipment development. Today flotation is used for
almost all sulfide matenats and is widely used for
rionsutfide metallic minerals. industrial minerals, and
coal. Flotation is the most economical method for
separating particles in the size range of 0.1-0.01
mm.

Metallic ores are normary ground finer than 48 to 65
mesh for treatment in rrnth flotation, when:lac coal
and certain nonmetallic ores are generally treated by
gnnding to finer tnan the 10 to 28 mesh range. As a
rule. coarser feed cannot be 41.otably mixed and
suspended by a flotation machine. Fineness of grind
is determined by the particle size at which the desired
minerals are liberatiaO from gangue (waste) particles.

1\ I ? 

density generally from 15 to 35 percent solids. The

chemicals called promoters or collectors which render

In floiation machines, tr..7, ore is suspended in water
by means of mechanical or air agitation at a pulp

surfaces of suspended particles are treated with

1 
those particles air-avid and water-repellent.
Through the use of modifying agents. undesired
minerals are depressed or rendered non-floatable.
With vigorous agitation and aeration in the presence
of a frother-a chemical added to create bubbles-aki layer of froth or foam forms at the top of the flotation

1 ti /J.= Apes Valve 
machine. The air-avid minerals become attached to

if A rt air bubbles arid rise to the surfacewhere they collect
in the froth and are skimmed off (2.3.6,10,
11,13,14,17,20,211.

Underarm
Discharge

l
ir,7 vortex know

P

8.3.2.4 Information Needs

The characterization listed below must be considered
in selecting a classifier type and implementing a
otasetfirlation prociwc

Particle size distribution of the feed.
Radionuclide distribution with particle size.

• Specific gravity and chemical analysis of the
soil.

Mineralogical composition.

▪ Characteristics of the soil

▪ sand, humus, clay, or silt.
• Composition of the organics in each soil

fraction.
Moisture content.

6.3.3 Flotation

6.3.3.1 Description and Development Status

Froth flotation is used extensively in mineral
orocessing to concentrate constituents such as
uranium from ores. Great strides have been made
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Flotation c.-4 sulfide compounds is well established.
Sulfides are separated using alkyl xanthates or
dithiophosphates. Oxide mineral forms can be floated
from acid or basic Solutions.

The pH level is established for each mineral oxide
type. Oxides are separated with surfactants. Silicates
and atuminosilicates accept ionic surfactants in the
same way as oxides. Salt-type minerals respond to
anionic surfactants.

Promoters or collectors are added with the ore to
enhance flotation of the particles. The collector also
Serves as a water-repellent, which reduces the
moisture content of the troth. Typical collectors for
flotation of metallic sulfides and native metals are
alkyl xanthates and dithiophosphates. These ionized
Collectors are adsorbed on a sulfide mineral surface,
with bonding through the sulfur atoms.

In flotation, collectors of fluorspar, phosphate rock.
iron ore, and other nonmetallics are likely to be crude
or refine:1 fatty acids and their sit-xus. petroleum
Sullonates. and sulfonated fatty acids. Cationic
collectors such as fatty amines and amine salts are
widely used for flotation of quartz. potasn. and silicate
minerals.



Commonly used frothers are pine oil, cresylic acid.
polypropylene glycol ether, and 5- to 8-carbon
aliphatic alcohols such as memylisobutylcartanol and
methyl amyl alcohol. Quantities of frothers required
are usually 0.01 to 0.2 Ibitori.

Depressants assist in selectivity (sharpness of
separation) or to stop unwanted minerals from
floating, A typical denressant is sodium or calcium
cyanide to depress pyrite (FeS2).

Alkalinity regulators such as lime, caustic soda. soda
ash, and sulfuric acid are used to control or adjust
pH. a very critical factor in many flotation separations.

The choice of reagent is based on past experience
and trial and error, guided by a sketchy knowledge of
surface chemistry. Over the past 40 years a good
deal of research has gone into this problem. but a
great deal more is needed.

Limited information is avaaaple in the literature on
flotation cells. Same fundamental research into the
physics of particle capture by bubbles is being
pursued in several Eastern European countries.
presumably in the conviction that a better
understanding of flotation kinetics wiil lead to practical
improvements in ibis technique (121.

Mechanical flotation devices are the most Commonly
used. Often one type of machine will be used for
roughing and another for cleaning. These machines
provide mechanical agitation and aeration by means
of a rotating impeller on an upright shalt.

In addition, some cells utilize air from a blower to
help aerate the pulp. In recent years. there have been
arernem inareeres in the rive at inaivavi ttatetan

calls.

In a cell-type mechanical flotation machine, froth
product discharge is obtained by overflow with or
without the use of mechanical paddles.

In pneumatic flotation machines of both cell and tank
types, mixing of air and pulp occurs in injection
nozzles. In the flotation column, countercurrent flow :s
established in the lower section of the column.
Although extensively tested. pneumatic flotation
columns are not common in industry.

Dissolved-air flotation involves the dissolution of air
(or other gas) into the liquid while under pressure,
followed by precipitation. Electrofiotation is another
method to create Orating gas bubbles, but this
technique uses electrolysis.

6.3.3.2 Potential Applicable Situations

%maw cells can be considered for use in mill
tailing* to rracirera ma loyal of radinartnafy ina
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Palabora Mining Company in South Africa treats
complex ore using flotation and physical separation
techniques to recover copper. magnetite, uranium.
and zirconium (221.

Canadians have used flotation cells, to extract radium
from uranium mill tailings (3J and uranium from Elliot
Lake ore (8J. Research conducted at the U.S. Bureau
of Mines shows that 97 fa of uranium can be
extracted from sandstone ores containing 0.25%
uranium oxide by means of flotation 181.

Of all the ores treated by flotation in the U.S., 66%
ware sittfirlac 7% !natal nvirla anti e^mrinrtrizta,

nonmetallic minerals, and 3% coal (111. T Although
increasingly used for nonmetallic and oxidized
minerais. flotation is pnmanly used to extract sulfides
of copper, lead, and zinc from complex ore deposits.

6.3.3.3 Advantages and Disadvantages

Advantages - If the particle fractiun containing the
contaminants can be collected by the froth. then
flotation is a very effective tool. High separation rates
tee fins nartrfa4 ran ha aehlavad

Disadvantages - If no suitable additive (promoter or
collector) can be found, then flotation will not be
affective. Mew additives may have to be developed to
permit successful flotation separation for radiologically
contaminated materials.

Flotation is a complex process, depending for
effective Separation on particle size, rate Of feed,
contra: of chemical additives, and handling of the
refilled product. The process is also expensive.
Flotation uses small, compact equipment of lower
capital cost but with higher operating costs than for
gravity separation equipment.

6.3.3.4 Information Needs

The characteristics listed below must be considered
in preparing to implement a flotation procedure.

Particle size and shape distribution of the
leer!.

Radionuclide distribution with particle size

Characteristics of the soil - clay, humus,
sand. or silt.

Specific gravity and chemical analysis of the
soil.

Mineralogical analysis.

Concentration ratio of solids to liquid fom..ng
the suspension.

The nature of pretreatment.



5.2.4 Gravity Separation

6.3.4.1 Description and Development Status

Gravity methods of separation are used to treat a
great variety of matenals. With the advent of the
froth-flotation process, which allows the selective
treatment of tow-grade complex ores. use of gravity
separation declined. However, in recent years. many
companies have been using gravity separation
methods due to increasing costs of flotation reagents.
the relative simplicity of gravity processes. arid the
fact that they produce comparatively little
environmental pollution. One of the world's largest
uranium processing plants, Palabora Mining Company
in South Africa, recovers both uranium and
baddefeyite using gravity separation techniques [221.
Modem gravity techniques have proved to be efficient
far the crinrentratert at minarala having particlo sizes
in the 50-100 micron range [6,8-12.14,17j,

Gravity separation techniques exploit differences in
material densities to bring about separation.
Therefore, separation is influenced by particle size.

anti weight.

All gravity separation devices keep particles slightly
apart so that they are able to move relative to each
other and thus separate into layers of dense arid light
minerals. Gravity separators or concentrators are
classified by the means used to achieve this
interparticle spacing. The type represented by jigs
applies an essentially vertical oscillating motion to the
solids-fluid stream. The shaking concentrators or
shaking tables form the second group. These apply a
horizontal shaking motion to the solids-fluid stream
by vibrating the surface. Included in this type are tee
shaking table, the Barttes-Mozfey conceritrator. arid
the traditional miner's pan. Gravity flow concentrators
such as sluices and troughs form the third type, in
which interparticle space is maintained by the slurry
flowing down an inclined surface. Jigs and gravity
flow concentrators, which are mainly used in coal.
beach sand. and iron ore processing, will not be
discussed here. However, shaking concentrators
(called tables) used in soil decontamination processes
[23) will be addressed in this chapter.

The shaking table is the most versatile of all gravity
• devices that in one pass can produce a high-grade
concentrate over a wide range of particle sizes. The
shaking table is a relatively old device that has slowly
evolved. Generally, shaking tables treat materials finer
than jigs are able to handle, but this is achieved at
the expense of capacity; single deck tables have
relatively low capacity for their cost and space
requirements.

Shaking tables are very versatile units, and are used
for a wide range of functions: from roughing to
Cleaning: from the treatment of sands to slimes; from
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the separation of two heavy minerals to coal
preparation.

A typical table is illustrated in Figure 17. Feed enters
through a distribution box along part of the upper
edge. The wash water and shaking action spread tne
feed out over the table. Product discharge occurs
along the opposite edge and the end. The essentially
rectangular table has an adjustable slope of about
0°-6° from the feed edge down to the discharge
edge. The surface is a suitably smooth material (e.g.
rubber or fiberglass) and has an arrangement of
riffles, which decrease in height along their length
toward the discharge end. Different duties may
require a different deck size or riffle pattern, and a
range of decks are offered by most manufacturers.

Figure 17. Schematic of a shaking table, showing the
distribution of products illepOn'ad from
Copyright 1952. Reprinted by permission of
John Wiley & Sons, Inc.)
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Modifications art the basic shaking table design
include the Barites-Moziey separator, the Holman
slime table, and the Battles crossbelt concentrator.

6.3.4.2 Potential Applicable Situations

In the soil decontamination processes installed at
Heijmans Milieut‘chniek and HWZ Bodemsanering,
both in Holland, tables are used in separating fine
particles from extracting agents [231. Concentration
by gravity method is limited to those soils in which
the contaminants are relatively coarse and capable of
resisting breakage and sliming or are associated with
other minerals that may themselves be separated by
gravity differential. The concentrate thus obtained can
be processed further by extraction. COG Mineral
Corporation Mill in Utah uses a gravity separator as
part of the uranium extraction process 114



6.3.4.3 Advantages and Disadvantages

Advantages - Gravity separation is highly efficient
and is a proven process for a wide range of
applications. It gives a high-grade concentrate over
a wide range of particle sizes and functions well mill
most SOil typos.

Disadvantages - A drawback is its low handling
capacity: high throughput requires multiple decks.
Gravity separation requires clean water, so that if
water is recycled care must be taken to ensure there
is no slime buildup.

6.3.4.4 Information Needs

The prerequisite information listed below must be
considered in preparing to implement gravity
separation procedures.

Throughputs.
Feed preparation (natural, sized. classified
hydraulically, etc.).

- Characteristics of the soil-sand, clay, humus.
or silt.
Particle size and shape distribution of the
feed.
Specific gravity and chemical analysis of the
soil.

6.3.5 Support Technologies for Treatment of
Liquid Recycle

Most mineral-separation processes require
substantial quantities at water: the final concentrate
has to be separated from a pulp in which the
water/solids ratio may be high. Partial dewatertng is
performed at various stages in the treatment, so as to
prepare the feed for subsequent processes. The
separated water is purified and normally recycled.
Dewatering is basically a solid-liquid separation
technique and can broadly be classified into two
types:

- sedimentation
flitratina

Dew...tering is normally needed in any chemical and/or
physical separation process and is a combination of
several methods. The bulk of the water is first
removed by sedimentation, which produces a
thickwee Nip with "=80% sole; Flitration
increases the solid leading to 80.90%.

With the exception of dry screening, the various
technologies require the feed to be in the form of a
euip. Each of these technologies tolerate certain
rarios in the water content beyond which they do not
work efficiently. Figure 18 shows the limits of variation
of the water content in feed pulp that can be tolerated
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by ecroereng grnyity onprentrahnh, elaccifiratinn,

sedimentation (thickening), and filtration.

Also shown in Figure 18 are limits of water content for
other mineral processing operations, such as

Figure 18. Limit* of water content variation. [Reprinted
from (51. Copyright c 1982. Reprinted by
pernsiseion of John Wiley & Sone. Inc.)
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transportation. Even though these operations may not
apply to a radioactive soil cleaning process, they are
shown for clarity,

6.3.5.1 Description and Development Status

Sedimentation Technologies - Sedimentation
technology can be classified into gravity
sedimentation and centrifugal sedimentation
[6.8.10,11.1117,18.241.

Gravity sedimentation is the removal of suspended
solid particles from a liquid by settling.

Rapid settling of solid particles in a liquid produces a
clarified liquid, which can be decanted. A thickened
slurry, which may require further dewatering by
filtration remains. Very fine particles, of only a few
microns diameter, settle extremely slowly by gravity
alone.

Coagulants and floccuiants are added. producing
relatively large lumps, called films, which settle out

more rapidly. There are several equipment designs
available for sedimer.tation. These are:

Deep cone thickeners
Tank thickener
  thickener

Lamella thickeners

The most common type of sedimentation unit is the
cylindrical continuous tank thickener with mechanical
sludge-raking arms. Feed enters the thickener
through a central teed well, and clarified liquor
overflows around the penphery. Thickened sludge
(the sludge blanket) collects in the conical base anc;



is raked by the slowly revolving mechanism co a
central discharge point. One of the main
disadvantages of these thickeners is the large floor
area required.

With introduction of flocculent the settling rates of
suspension could be increased tenfold or more. High
capacity thickeners take advantage of this by
providing mechanical mixing of flocculent and slurry,
and staged additions of flocculent. The high capacity
thickeners are more expensive to operate but provide
better performance and use less space.

The lamella thickener uses a nest of inclined plates.
thus providing a large effective settling area in a
compact space. Flocculants are added to aid the
settling.

Deep cone thickeners are over 4-meter conical
containers equipped with stirrers and overflow and
underfiow arrangement. High flocculent dosages are
used to obtain high solid concentrations.

Selective flocculation is an important technique that
uses a high-rnoiecutar-weight pciymer, which
selectively adsorbs only one of the constituents of a
mixture. Selective flocculation is followed by removal
of the flocs of one component. Selective flocculation
has been applied to the treatment of clays, iron.
phosphate, and potash ores.

Centrifugal sedimentation is appropriate for slurries
with very fine particles, since gravity sedimentation
may be very slow. Due to high centrifugal forces,
separation of particles occurs quickly with high
throughputs_ The two types of centrifuoal
sedimentation designs are hydrocyclone and solid
bowl centrifuges. Hydrocyclones are described in the
chapter on classifiers.

The solid bowl centrifuge is a cylinder into which
siuiry is fed and rotated at high speed. The
centrifugal action forces the heavier particles to the
wet! of the cylinder, while the liquid forms an inner
layer and is removed. The solids are removed
continuously or intermittently. There are several bowl
designs available.

Newly developed centrifuges can separate particles
as fine as 0.5 micron. Centrifuges have been
engineered that integrate flocculation to ease solid
removal. The newer centrifuges have abrasive-
resistant coatings. require less power to operate. and
are quieter than elder versions.

Filtration -Filtration normally follows the thickening

operation [64.10. 11,13,14,17-19,241 The filtration
process can be classified into three types:

Deep bed filtration
Screening
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- Cake filtration

Deep bed filtration uses a deep bed of granular
media. usually sand, as a filter. Mainly used in water
and wastewater treatment plants, it is inexpensive but
cannot remove fine particles.

Screens are also used as dewatenng media: they are
descnbed in the previous chapter_

Cake filtration is the most widely used dewatering
technique in mineral processing. Cake filtration is the
removal of solid particles from a fluid by means of a
porous medium that retains the solids while allowing
the fluid to pass. The porous medium used in
industrial filtration is a relatively coarse material;
therefore, clear filtrate is not obtained until the initial
layers of cake have formed. Factors affecting the
cake filtration operation are: the filtering 4iirfmna:
viscosity of the filtrate, resistance of the filter cake
and filter media, and operating pressure or vacuum
required to overcome the resistance.

Rocculants are sometimes added to aid filtration and
prevent fine pat-rules or SiitvieS from blinding the filter
media.

Cake filtration can be operated in two basic modes:
constant pressure or constant rate. Constant pressure
filtration maintains a constant pressure. but flow rates
fall off as solid cake is formed and resistance
increases. Most of the continuous filters operate on
this principle, using vacuum to provide the pressure
difference. Constant rate filtration requires gradually
increasing pressure as the cake builds up and
increases the resistance to flow.

Cake filtration systems utilize either pressure filters or
vacuum filters. Pressure filters are normally operated
in batch processing mode and vacuum filters
generally in continuous mode.

Pressure filters are widely used in the chemical
industries. The driving force for filtration is the fluid
pressure generated by pumping. Since the filters
work mainly in batch processing mode and are
therefore labor intensive, they have seldom been
used iii mil For ai pito..coats
continuous filter press are not really continuous
operation systems but go through a series of
automated cycles.

Another new development is the belt filter press
(Manor tower press). Developed in Europe, it is a
continuous pressure filter used in treatment of paper
mdl sludge, coal, and flocculated clay slurries [181.

All vacuum filtration techniques use a porous filter
medium to support the filter deposits. beneath which
pressure is reduced by connection to a vacuum
System. The vacuum filtration can be operated in



batch or continuous mode. Batch vacuum filters are
V17 unwona .1 I .1.111.1.1.1614141/ 9.1.4111.•

The most widely used continuous vacuum filters in
mineral processing are drums. discs, and horizontal
filters. Although different in design. ail continuous
vacuum filtration equipment is characterized by a
filtration surface that moves by mechanical or
pneumatic means from a point of slurry deposition
under vacuum to a point of filter cake removal.

A typical drum filter essentially consists of a
horizontal cvlindncal drum that rotates while partially
immersed in an open tank, into which slurry is fed
and maintained in suspension by agitators. The drum
shelf itself is covered with a drainage gnd and a filter
medium. Vacuum is applied from the interior of the
drum. As the drum revolves, the cake is raised above
the liquid level. and wash water, if required, is
sprayed on the surface.

Various methods are used for discharging the solids
from the drum. The most common form is the use of
a reversed blast of air and a scraper to remove the
cake. another tem .a the belt discilarae. ,ahich the
filter medium leaves the drum and passes over
external rollers before returning to the drum.

Disc filters operate in a similar fashion and consist of
a number of discs partly immersed in a slurry and
mounted along a hollow shaft, through which vacuum
is applied. The disc is ribbed and supports the filter
media.

The horizontal continuous vacuum filters are
characterized by a horizontal filtering surface in the
form of a belt. table. or series of pans in a circular or
linear arrangement. Horizontal belt filters have been
rapidly accepted in the uranium mining industries.
because of their ability to filter heavy dense solids.

One new development in filtration is filter cake
pressing, in which a squeezing action is applied to a
previously formed filter cake to compress the cake
and remove further moisture. Steam-assisted
vacuum filtration is another new technique to reduce
cake moisture 1131.

Electrofiltration is a new technique used for
separation of ultra fine particles (up to 10 microns).
Here the slurry is placed in a direct current electric
field; the negatively charged particles migrate toward
the anode. forming a cake which is further dewatered
by electroosrnosis. in the cathode, the slurry is
tittered through a fitter cloth by vacuum filtration.

Membrane separation is a new technology that uses a
semipermeable membrane to separate a solid/liquid
system into its Components. Physical. chemical, and
electrical means can be applies to enhance the
operation. Membrane separation is :expensive and so
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is not used in the mining industry. This technique is
usually used to separate very. fine pan:cies (0.1-
. 001 micron) from liquid. A manganese-
impregnated acrylic fiber filter has been used to
remove radium from a 3 M NaC1 extractant solution
and shows significant promise (201. A review (251 of
various membranes for uranium extraction concluded
that there is a particularly promising membrane
process called selective membrane mineral extraction
(SMME). The SMME system has been shown to
remove 98 percent of radium from water containing
1,500 pCiil of the radionuclide. The membrane
techniques can be used with chemical extraction
technology to extract the radionuclide from the
extractant.

6.3.5.2 Potential Applicable Situations

ne selection of the particular technique depends on
the throughput required, the particle size. and the
density of the materials. Cylindrical tanks are normally
used as thickeners but. because of the large area
required and the low efficiency of tanks. centrifuges
or high capacity thickeners are appropriate where
there is a space limitation and high throughputs are
required.

Pressure filters used in the chemical processing
industry are rarely used in thin:rig, as batch
operations are expensive; however. pressure filters
can remove line particles.

Disc filters, and to a large extent drum filters, are the
mainstay for most devaatering systems because of
their ability to remove fine particles. Centrifugal

rn.y ha ueael fn rarnava

very fine particles.

8.15,3 Advantages and Disadvantages (241

Advantages - Gravity sedimentation is economical: it
carries low maintenance and operating costs. The
technique has a good long track record and is the
simplest of the sedimentation methods.

Centrifuge sedimentation offers high efficiency, high
throughout, effectr:e aer.1-attor of fire p—tcles.

One of the main advantages of the drum filters is the
wide range of design (method of discharge. cloth
design. etc.) and operating variation (drum speed,
vacuum operation. Submergence cycle. etc.) that
permits treatment of a wide range of particles of
diverse nature. Drum filter operations are clean,
continuous, and automatic with minimal operating
labor. Drum filters are also low in maintenance cost.
Drum filters provide for effective washing of filter cloth
and can also handle very thin filter cakes. resulting in
increased filtration and draining rates with drier
products.



One of the main advantages of disc filters is that they
can handle large v.-4,,maa of ire4ativaly free-iiitenng

Saida (typically 40-200 mesh range). It is possible to
handle different slurries on one unit simultaneously by
partitioning the filter tank and using one or separate
automatic valves. The disc filter equipment provides
for large filter areas on minimum floor space.

Another advantage of disc filters is the rapid medium

replacement made possible by virtue of their design.
In addition, the capital cost of disc filters per unit area
is generally less than for drum filters.

The main advantage of horizontal filters is that large
tonnage per unit area can be processed with rapid
dewatering . Cakes ranging in thickness from 10 mm
to 200 mm can be formed and washed. Horizontal
filtering provides excellent washing with sharp wash
liquid and filtrate separation. In this respect it is better
than the drum filter. Horizontal filter equipment is very
flexible in operation. Since in horizontal filtration the
settling of solid assists the filtration, horizontal filters
are ideal to handle quick settling slurries.

rioa.,-iyaraagaa Gravity separation is ineffective for
fine particles. It involves a long settling time and

requires a large floor area. especially when tank
thicknesses are involved. If chemicals are used.
operating costs will increase.

Disadvantages of centrifuge sedimentation include
high capital cost, with a high maintenance cost that is
higher than other sedimentation procedures.
Equipment is noisy, and is subject to abrasive wear.
Another disadvantage of centrifuge sedimentation is
its high power requirements.

The main disadvantage of the drum filters is the high
capital cost. Also, certain types of teed cannot be
handled by drum filters, such as quick settling

slurries. Use of blow-back air and a scraper knife to
discharge the filter cake may produce wetter- cakes

and greater filter medium wear.

One of the main disadvantages of disc filters is that
they are inflexible in operation. A good washing of the
vertical cake' surface is difficult. and because of
limited rake drying time, wetter cakes are formed.
Some designs result in excessive filtrate blow back,
Causing the cakes to be moist. Also, the discharge of
thin cakes is difficult. The disc filter equipment has no
means of separating different filtrates if the unit is
used to filter more than one slurry simultaneously.
The rate of medium will kAI high if scraper1114

is used.
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The main disadvantage of horizontal filters is the
heavy wear and tear of the flexible drainage belts.
which results in loss of varuum and poor drainage.
The horizontal filter requires a large floor area. In the
case of belt filters, only 45% of the belt area is
effective. Horizontal filters are more expensive than

drum filters, but this disadvantage is offset by the
higher capacity per unit area. since hnriznotai filters

can handle thicker cakes at higher speeds.

6.3.5.4 Information Needs

The prerequisite information listed below must be
considered in klVeill I -.ant procedures.

Particle size and shape distribution of the
feed.
Radionuclide distribution with particle size.

• Specific gravity and chemical analysis of the
soil.
Characteristics of the soil - sand, humus.
clay, or silt.
Mineralogical analysis.
The concentration ratio of solids to liquid
forming the suspension. •
The nature of pretreatment.

6.4 Typical Costs of Physical Separation
Technologies

The cost of the apptication of any of the physical
separation technologies described in this section will
depend upon several factors. Thus the costs cannot
be reliably estimated for any technology and for any

site at this stage. because most of the required
prerequisite information is riot available.

Among the cautions must also be included the fact
that many. if riot most, of the controlling factors will

be site-specific. The cost for a technology at one
site may be vastly different than for the same
technology applied at another site.

Despite the limitations and cautions. some typical
cost information is provided in Table 16 for the
technologies described in this chapter. The costs
shown do not include cost of transportation and
disonsai Of concentrated fractions. The cost of
.eturning "clean" treated material to a site is not

included.

The purpose. capacity, equipment and operating
costs in 1987 dollars, and fartors alloying both cost
and   are presented or the main): typea of

physical separation equipment.



Table Is. Typscsd Com of fillador Peyerisai Simeradde Equipment

These costs commix( from vendors are presented to give *me typical costs They are not intended to ra amens:lie to any particuiar site. Cost
of returning 'dean' ttefiled ralaninal Id a 3fle al not induclud•
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To crenate :Nod ior
leacrung
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of sand and sit

Gravny warm= of art
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Remrp,rm Cif aY p.rrirorgW1
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Removal of unfilleraciis
solids

To city salted or filtered
SOWS

For tie weave
separation of fines

Cassitiv

F.durceserit
Gast in
1987 5

Operating
Cost in
1937 3 Factors Af1Et.0ey Cost and CadaCrty

50 - 600 rP+4 50414 . 4 • 1/Ton SOO niTO. site ccoarticris. uts:at access.
2500K duet control

- 950 TP11 9K • 1157K 3 • 1/ran Sod type. aversaboirty of water ractoacove
Cern3Sivd readlanal

50 • 503 GPM 1K • 5K 1 - 0.30/1000 Corn abrason resistanos
Gad
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GPM

4K • 74K 2 - 1/1000 Gel Corrosion resistance. radroactve
sfselding. degree Of separation

60.6000 GPM 40K - 520K 8 - 1/1000 Gas Sarre as move

0 5 • 90 TP14 50 • 400K 80 • 2JTon Concision resistance. radioactrve
Stetting, Swear

10 • 600 GPM 80K • 6SOK 77 • 7/1000
Gad

Caveman resstance, ractoactve
siseicting. shenar

700 - 38K 200K - 120 • 21/10000 Common resistance. radioactrve
wassnwr 1800K snieklingotatfievel ODIMPLCUOCI,

Ornd134XIS contrail
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Chapter 7

Combined Physical Separation and Chemical Extraction Processes

7.1 Purpose and Mooe of Operation

Employing physical separation techniques. it may be
possible to decontaminate soil to low radiation levels

by separating the highly contaminated particles on the

basis of particle sizes. While the coarse soil particle
fractions might still contain radiation above acceptable
levels. removal of radioactive contaminants from them
might allow return of the soil to the place of origin or
placement in a nonhazardous waste landfill. While
applying further physical separation tec'nniqutr5 would
not lower the radiation levels, chemical separation
technologies applied to the separated coarse particles
might bring the treated soil radiation to acceptable
levels. This cnaoter discusses the various combined
physical and chemical separation techniques that
might be applied to decontaminate radioactive soils.

7.2 State of the Art

Three physical and chemical separation techniques
will he discussed:

- soil washing arid physical separation
• separation and chemical extraction
- separation, washing and extraction

Soil washing and physical separation hage been used
in two pilot plant tests to decontaminate plutonium
contaminated soil [11 and to extract radium from
uranium mill tailings [21.

Separation and chemical extraction have been used
extensively in the mining induSfry, dartto-ular for
extracting uranium. Palabora Mines in South Africa
uses gravity separation techniques followed by
chemical extraction to separate uranium from complex
copper ores [3-61.

Separation, washing and extraction have been used

to decontaminate soils [7-101.

Table 17 shows the state of the art of the combined
physical separation and chemical extraction
technologies. All these technologies are in the pilot

plant testing stage. and none have been field
demonstrated with radioactive matenal. Major pilot

plant testing and development work are needed prior
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to application of these technologies to radiologically

contaminated site remediation.

7.3 Technologies of Potential interest

7.3.1 Soil Washing and Physical Separation

7.3.1.1 Description and Development Status

This process involves washing the soil with chemical
SOlutiOn. followed by separation of coarse and fine
particles [11. The type of solution used for washing

will depend on the contaminant's chemical and
physical composition.

The process water, which may lead to radioactive
buildup in process streams. is treated--preferably

by ion exchange—and the resulting decontaminated
water is recycled.

In 1972 the Department of Energy initiated
laboratory-scale studies of techniques for
decontaminating soils H. Experiments were
conducted to evaluate a variety of chemical and
physical separation techniques. The techniques
included chemical oxidation, calcination, flotation.
destiming, heavy media separation. magnetic
separation, wet and dry screening, and washing.
Based on laboratory-scale studies, the washing and
physical separation process was selected for pilot
plant investigation. The pilot-plant process flow

Sheet is shown in Figure 19.

in the pilot•plaht tasting at Rocky Flats. the
plutonium-contaminated soil was washed in a
rotating drum washer using a pH 11 NaOH solution
as a washing agent. A trommel screen was used to
separate the coarse particles ( *5 mesh), and a
vibrating screen was used for further particle
separation ( it 35 mesh). This was followed by use of

a hydrocyclone and classification to separate +10
micron particles. Cantnfugation and ultrafiltration were
employed to separate the fine contaminants. The
water was sent back for recycle without any
purification.

The results of the pilot-plant testing show this
process could have potential for success, but



Table 17. State of the Art of Combined Physical Separation and Chemical Extraction Timoneloves

Feld
Demonstration Racloologicaly

Bench Pilot min Contaminated

Latoratory Scabs Plant Radioactive Sias
Teseng Tessrg Tf.k,Wir4 !velem.' Rerneriulson Remarks

Comoinea Physical
saparaotn and chemical
taanacaon

Sol washing and
pnysical saoaranon

Saa
cnernical exPacbon

- Separation, washing
and en:acme

Pilot plant development and lasting needed for
ractioaCtive Manna,

Varoua cordons or the orOCOSS have been
06•00‘0000 lOr eXtra4Min Ot uranium from ores.
Pilot pant testing and development hewed for
radioactive matenals

Significant bench scale and pilot plant testing
needed for ram active material

additional pilot development work is needed before
scale-up to production level. In pplot•plant test runs.
soils contaminated to 45. 284. 7515, 1305. and 675
pCi/4,-i were cleaned to contamination levels of 1. 12,
86, 340. and 89 pCiig respectively. using different
processes (Table 18). The coarse particle fraction

ranged from 58% to 87%. The results of pilot-plant
testing showed the fine soil particle fraction ccntaining

the concentrated contaminants to have much higher
levels of radiation than the feed, ranging from 1440
pCi/g to 90.000 pCUg. Feed rates ranged from 45
kg/hr to 120 kg.ihr.

Recommendations based on the pilot-plant testing
were that applying multistage washing and nnsing
instead of single stace would be beneficial.
Hydrocyctones and filtration technique: were
recommended for removal of fine particles.
Centrifuging of flocculated solution was not
recommended. as the centrifuge action tends to
break the flocs.

The Canadians used the froth flotation technique to
Separate radium from uranium mine tailings 121.
Results of their laboratory testing and bench-scale

Table 18. Sod Product Plutonium Level from Pilot Plant
Operationl 1 I

Runs Feed
roCiel

PrOduCt

Coarse
Fraction

I *35 Mesh(

Weignt
Fraction

Fine
Fraction

1.35 Mesm

wegrn
Fraction

t s3 0.5

2 284 12

3 7515 84

4 1305 34Cr--

5 875 89

1440

58 1485 42

75 90.000 22

87 10.800 13

58 5.1150 42

• Each run recresents a different process.
Not evader: e.
Attricutedl to inaotiouate washing and SCrubbong.

testing at CANMET show that radium in uranium mill
tailings can be reduced from 290-230 pCi/g to 50-
60 pCi/g by flotation.

However, in the pilot-plant testing at Dennison Mill

using the same process. the decontaminated tailings

showed radium levels of 123-151 pCiig. This was

Figure 19. Conceptual soil decontamination process flow sheet (Reprinted front (21.1
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attributed to recycling the water. Whereas both the
laboratory and bench-scale testing used fresh city
water with no radium in it. the pilot-plant test water
contained relatively high amounts of dissolved radium.
ranging between 586 and 1179 pCi/g.

7.3.1.2 Potential Applicable Situations

The soil washing and physical separation process can
be considered for use in situations where radioactive
contaminants are closely associated with fine soil
particles. Better success can be obtained with sandy
soils; humus soils wiii be difficult to clean.

7.3.1.3 Advantages and ¶isadvantages

AdlerPtages - The process is simple and relatively
inexpensive and should require no major process
development. It has achieved some degree 4f
separation with clay soil in pilot-plant testing [11.

Disadvantages - The main disadvantage is that this
process may not work for humus soil. Also, pilot-
plant deveiopment and testing are needed. The
process may work only for low level radiologically
contaminated soils: this is yet to be determined by
plot-plant testing. The recycled water must be
stripped of radioactive contaminants or the process
will became inefficient.

7.3.1.4 Information Needs

The information listed below must be coilected and
considered before implementing soil scrubbing and
physical separation procedures.

Nature of the soil: sandy. clay, humus.
• Nature of the particle: sae, Shape. specific

gravity, mineralogical and chemical properties.
tire.

• Radionuclide distribution with particle size.
Nature of the contaminant-chemical and
physical properties.

7.3.2 Separation and Chemical Extraction

7.3.2.1 riescriseion and ilaYeiddriiint Statue

The soil would first be separated to tine and coarse
particle fractions. The coarse particle fraction would
be acid leached. the radioactive contaminants
Stripped by solvent extraction and separated by
precipitation angler on ewehenge. The extreetent
would be cleaned and recycled. The line particle
fraction would be combined with extracted
contaminants and sent to a secure disposal site. The
clean coarse fraction would require appropriate
disposal.

Processes using solvent extraction, ion exchange.
arid acid leaching, etc.. have been used in extraction

Al

of uranium from ores and radium from uranium mill
tailings [6,11-131. In mining, since the objective is to
extract maximum quantities of the desired
constituents (uranium and radium) from the ores arid
tailings. the leaching is applied to the feed as a
whole, without separating into fine and coarse
frae.tirinc Although the prcdasa can he applied to the
unseparated soil, this may riot bring contaminant
concentrations to the acceptable levels. Since the
weight traction of the coarse Soil particle portion
ranges tram 60-80% [11, arid since its contaminant
radiation levels will be lower to start with, cleaning the
cuartt Lad possibly clean a large
percentage of the sod to acceptable standards.

There are several variations on the above process.
Two-stage acid leaching instead of solvent
extraction is one variation 1141. Another is to use ion
exchange instead of solvent extraction, a technique
used in several uranium extraction processes [61. A
third variation is to use a solvent to extract uranium
and a salt solution to extract radium from acid leach
residues [121.

The Canadians [141 have used leaching solution to
extract thorium, radium, and uranium from uranium
ore. Two-stage hydrochloric acid leeching was
employed. which resulted in moll tailings with radium
levels at 15 to 20 pC./g.

In Europe, several solvent extraction techniques have
been used to clean snit contaminated with cyanides,
heavy metals, arid organics (71. In these processes. it
is the fine fraction that receives the benefit of soil
Cleaning methods. since the contaminants a.'e mainly
ctzsin.i4ti7d wall the fine particles. The estimated
typical cost to clean soil in Europe is around 61013/ton
[71. This is exclusive of excavation and transportation
costs. overheads, profits, and cost for safety
measures [101.

Details of different chemical extraction techniques are
discussed in Chapter 5 of this report. Physical
separation techniques that can be used are discussed
in Chapter 6.

7.3.2.2 Potential Aaiplicable Sittranoria

Separation and chemical extraction can be
considered for use in sandy. clay, and humus soils.
This type of process has been used. with limited
success, to extract radium from uranium mill tailings
in pilot plant lasting, A large concentration of sulfide
in the soil will have a marked effect on the radium
extraction 1121.

7.3.21 Advantages and Disadvantages

Advantages --- itkin advantage of this proceas over
other methods discussed 111 this chapter is that soils
containing higher levels of radioactivity can be



treated. Also, various facets of the process have been
developed frs extracting uranium, and laboratory work
is underway in Canada fur extracting radium from
uranium mill tailings. However, the development of
various facets of a process does not mean the entire
prr‘ress Will work.

Disadvantages - The main disadvantages of this
process are that it is expensive and has high
chemical usage. The chemical required will depend
on the soil analysis. A problem may arise with high
sulfur eon-tent 0 the soil interfering with radium
extraction. Also, the process needs mator
development work prior to application in extracting
radium from sod. In addition, the use of chemicals
wises concerns of plant safety and environmental
•KIllution. This approach may not be successful in
extracting radium, thorium, and uranium in a single
process.

7.3.2.4 Information Needs

The information listed below must be considered in
implementing treatment procedures.

Nature of the soil: sandy, clay, humus, silt.
Physical and chemical properties of the sod.
Nature of the particle: size, shape. specific
gravity. rninerelogiesi p;noertiec.
Radionuclide distribution with particle size.
Nature of the contaminant: chemical,
physical, and mineralogical properties.
Concentration troso of solid to liquid forming
the slurry. I
Tr*  naiuto VI E7ftluni7u pit{.

7.3.3 Separation, Washing and Extraction

7.3.3.1 Description and Development Statue

Following separation, contaminated soils conceivably
can be scrubbed with a variety of washing fluids.
followed by chemical extraction. The nature of the
washing fluids and chemicals would depend on the
contaminants and me characteristics cf the sod. It is
most effective to separate the soil into fine and
coarse tractions and use the scrubbing system on the
coarser soil fraction to reduce the throughput and
chemical usage. The treated coarse sod might then
be returned to the site. The finer sod fractions and
contaminants could be sent to disposal. Depending
on the vigil grain tins resinhution, reduction in discos*
volume of 60403/4 may be possible.

The agents that can be applied to soil washing are:

• Surfactants that improve the solubility of the
contaminants and the tandorcy for fine
particles to separate from larger ones.
Chelating additives used to chemically react
with metals.
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- Acid or alkaline solutions to mobilize and/or to
improve solubility of the contaminant.

Washing solutions are basic aqueous solutions
(caustic. lime, slaked lime, or industrial alkali-based
washing compounds): acidic aqueous solutions
(sulfuric. hydrochloric, nitric, citrus. phosphoric, or
carbonic acids): or solutions with surfactant or
chelating agents. Hydrogen peroxide. sodium
hypochlonte, arid other oxidizing agents may also be
used. A strong basic surfactant solution could be
used tor organic extraction. and strong acidic or
chelating agent solutions can be used for metal
extraction. strong base or acid might be used in
cases of high contaminant concentration. where the
cost of chemicals is affordable and the wastewater
can be treated for safe disposal. Surfactant and
chelating agent soli cleaning are being developed to
reduce chemical and equipment costs. make the soil
reusable, and simplify wastewater treatment. The
surfactant and chelating solutions have a moderate
(almost neutral) pH, making equipment operation
safer.

The EPA Soil Washing System, developed by the
EPA Risk Reduction Engineering Laboratory at
Edison, NJ, uses a scrubber extraction process to
eman snit, Pilot studies were performed to select the
equipment for the EPA soil washer. Three unit
operations were developed and proved by testing:

• Muer Kruk? Concept - A thin. flat. high-speed
water jet breaks up clumps of soil and scrub
contaminants front larger SO.: gag lie like stone
and gravel. Testing showed that this concept is
very effective.

• Rotary Drum Screener - A rotary drum was
employed as a pretreatment to mix the sod with
the extractant and separate the soil into two
particle size categories ( + 2mm and -2mm).

• Extraction and Separation Concept - A four-
stage counterflow extraction train was designed
and built to treat the -2mm soil fraction
separated by the drum scraener. Each stage
consists of a tank, stirrer, hydrocycione, and
circulating pump. The pump moves the Soil from
one stage to the adjacent stage. The
hydrocyclone discharges tne soil slurry in the next
stage and returns the extractant. The extractant
flows by gravity as a tank overflows in a stream
from one tank to another, counter to the direction
of the soil. Fresh extractant is added to the fourth
stage. and spent extractant is removed from the
first stage.

A mobile sod washing pilot-plant was built using the
above features 1151. The pilot-plant scheme (Figure
20) was designed for water extraction of a broad



1,iduret 20. SignePried process flow diagram of Me EPA soil waterier. (Reprinted from (151.1
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range of hazardous materials from spill-
contaminated soils.

The system can (1) treat excavated contaminated
soils, (21 return the treated soil to the site. (3)
separate the extract—, h,-,,.dous materials from the

washing fluid for further processing ancVor disposal,
and (4) decontaminate process fluids before
recirculation or final disposal. The washing fluid
(water) may contain additives, such as acids.
detergents. and selected organics solvent: to
enhance soil ciecontaminaiion. The iluminal
processing rate will be 3.2 cu m (4 cu yd) of
contaminated Soil per hour when the soil particles are
primarily less than -2rnm in size ano up to 14.4 cu
m {18 cu yd) per hour for sal of larger average
particle size.

7.3.3.2 Potential Applicable Situations

The concept can be considered for use with granular
soil. Clay and humus soil may' be difficult to meat
using countercurrent extraction. Pilot-plant testing is
needed to determine the effectiveness of the process.
The EPA Mobile Soil Washer was used to remove
nonradioactive contaminants from soil. With
equipment modifications and additions and significant
bench-scale and pilot-plant testing, the unit can be
considered for use 'Co clean rerliningioally
contaminated soils.

7.3.3.3 Advantages and Disadvantages

Advantages - It is pOssible that soils can be cleaned

to acceptable iirnita. The same countercurrent
decantation technology has been used in uranium

Waal.

Slocaa*
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Repainted
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extraction. However, pilot plant testing is needed to
determine the effectiveness of this process.

Disadvantages - The Soil Washing System needs
further development to determine washing fluids that
are affAt7tiVA in removing radioactive contaminants
from soils.

The most suitable type of washing fluid must be
determined using a bench-scale test for each soil. A
process to clean the contaminated washing fluid for
recycle must be established through pilot-olent
testing. The proceSs may not work for clay or humus
sods. Significant benCh-sc.aie and pilot-plant testing
is needed.

TAft.4 iefeerestion Needs

The soil and contaminant characteristics listed below

must be considered in implementing treatment
procedures.

Nature of the sod: sandy, clay, humus.
Nature of the particle: size. shape, SOOetc
gravity, mineralogical and chemical properties.
etc.
Radionuclide distribution with particle size.
Nature of the contaminant: chemical and
physical properties.

7.4 Typical Costs of Separation and
Extraction Technologies

It must be noted that most of the cost controlling
factors for oleening sod using the separation arlei

extraction technology will be site specific. in addition,
the combined technology has not been demonstrated
to ctean radiologically contaminated sites. Since the



detailed process information is lacking, the cost for
this technology cannot be reliably estimated.

However, the estimated typical cost for cleariii;
nonradioactive contaminated solid using separation
and extraction technology ranges from .;48 -
S100/ton (1985 S) [7], exclusive of exczbfri-.;.-i.
transportation, and. disposal costs for :Ili fr:,ctioris.
These costs are not intended to be applicabi.)
particulfrx site. Costs of returning
material to a site are not included.
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Chapter 8

General issues at Radiologically Contaminated Superfund Sites

8.1 Introduction

This chapter discusses some of the issues likely to
be associated with remecliating Superfund sites that
contain radioactive materials. The discussion is not
by any means, comprehensive. These issues include:

disposal siting;
handling of concentrated residuals;
site information needs;
mixed wastes:
public reaction and acceptance; and

- costs.

8.2 Disposal Siting

Every site remediation involving radioactive materials
must include a final, environmentally safe disposal
site for tee radioactive materials. The total activity of
the radionuclides will not be lessened by any
remediation process. although the matrix in which
they are included may be reduced in volume by some
of the technologies discussed.

Site selection for disposing of radioactive materials is
already a sensitive issue. As noted in the discus ion
of land encapsulation in Chapter 2. states are
beginning to restrict the use of land within their
borders for the disposal of commercial low-level
waste from other states.

Any disposal site for radioactive waste must be
selected or constructed such that it contains the
radionuclides as long as their concentrations are
unacceptable for release to the environment.

There are several guidarice documents available from
EPA that provide information that should be
considered in selecting the location of a disposal site
1 -a 1.

8.3 Handling of Concentrated Residual -1

Chemical extraction and physical separation
techniques applied to soil to remove radionuclides are
intended to clean the soil and reduce the volume of
contaminated materials. If that is done, there will be
fractions in which the reeionuelidee will be much
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more cancentrated--i.e., the radioactivity per unit
volume will be much higher. Handling and disposal of
the concentrated materials will require precautions
appropriate to the activity level. 00T and NRC
regulations for containment and storage of radioactive
materials provide guidance for this situation.

Final disposal may be even more difficult after volume
reduction than it would be it the material were to be
excavated. transported. and disposed of without
treatment tor volume reduction. In addition the
"clean" fractions may contain traces of toxic
chemicals used in the treatment process. alona with
some traces of the radioactive contaminants.
Therefore, these fractions also may require
environmentally sale disposal.

Any attempt to put "cleaner' soil off site is likely to
meet with the same resistance as loeetinga rliepeeel
site for ail the material in the first place. The goal
would be to have a portion clean enough to be
replaced at the site.

8.4 Site Information Needs

For many saes, available information is limited
regarding the detailed physical. chemical. and
mineralogical characteristics of the matrix materials
associated with the radioactive contaminants. In some
cases. even the nature of the radionuclides present
does not appear to be known with certainty. More
detailed information is essential it use of chemical
extraction and/or physical separation techniques is
considered.

Wastea

Sites that contain radioactive waste materials may
also contain other types of hazardous waste. Some of
the Superfund sites contain various types of
hazardous wastes and the radioactive portion may
price a relatively miner threat by companson. The
presence of other hazardous materials may
complicate dealing with the radioactive portion of the
waste and vice-versa. This is an issue that is likely
to arise at many Superfund sites and would impact
the oossible utility of some of the remediation
technologies. The dispoeitiOn of waSte containing both



radiological and chemical constituents ("mixed
wastes") poses unique problems that wiil have to be
addressed early in the technology screening process.

8.6 Public Reaction and Acceptance

Public concerns with respect to Superfund sites may
be magnified where radioactive wastes exist.
Concerns can be expected regarding the
contaminated site, moving the material (if necessary),
any processing or treatment location, and final
containment.

8.7 Ca.S-13

All methods with the exception of in situ techniques
will involve excavation costs for the materials.
Application of some of the technologies may result in
a reduced volume of radiologically contaminated
rnekeriam to be bEtTli it2 d W:M.:Uftt CliWUZ.41 suitable fur

such materials. The cost of such disposal would
include transportation and land encapsulation. The
"cleaner" fractions remaining atter a treatment
process is completed must be analyzed for residual
contamination and evaluated for replacement at the
point of origin or at a suitable alternative site. There is
a cost associated with this placement.

Costs associated with a treatment technology can be
divided into development and implementation costs.
Development costs include several stages of
laboratory tests, studies and process designs leading
to pilot-scale testing, and final design. Additional
development costs involve fabrication, shakedown.
and final testing of a full-scale system under
controlled and field conditions. These costs could
?angel from Ilona, S1 million for a small system

applicable to one specific type of problem to many
millions for a larger system with numerous
subsystems. and applicable to numerous types of
problems.

implementation costs when a treatment option is
chosen for a given site include mobilization and
demobilization, and operating costs. The mobilization
costs include all costs associated with performing
site-specific laboratory and/or pilot-scale testing;
selecting an operating site; preparing any permit
application materials or other administrative
documentation necessary for operations; interface
with local, state, arid federal officiats for such permits:
transportation, setup, and shakedown of the treatment
system on the site (including any site modifications
such as installation of water supply wells. power, road
access, operating areas, buildings, and other such
logistical site features); performing site-specific
testing to determine if the full-scale system performs
according to the laboratory and pilot-scale
predictions: and any other pre-operating types of
costa. MObiii2atiOn costs may ranee from a few tens
of thousands of dollars for a simple, small site to
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multiple millions at a site with a large, complex
installation where complicated permitting issues have
been involved.

After operations are complete. demobilization costs
incurred include those associated with
decontamination of the entire system and surrounding
operating site, disassembly and transport of the
system, final determination and documentation that
the treatment site has met the ARARs and has been
brought to a state protective of human heaith and the
em.ronment. preparation of operations documenta-
tion, and any other site-specific costs associated
with thn post-oparation period. Theses costs can

range Irorn a few tens of thousands of dollars to a
million dollars or more, depending upon the
complexity of the installation and the degree of
contamination.

Op_-_.: 'ricld ll thos l- b n aterialeatng costs uea eaoradm 
costs needed to operate the treatment system at the
site, sometimes on a 24 hour-per-day basis; to
provide for site security and personnel safety; to
maintain record-keeping including permit-related or
mandatory administrative documentation for all site
actions; and to maintain the system in pm: operating
order. The costs per ton or per cubic yard must
include ail applicable operating costs. These
operating costs per cubic yard are dependent upon
the capacity of the treatment system and the
percentage of the time that the system is operating as
opposed to being in a maintenance mode.

Operating costs depend largely upon the cost of labor
at the site. Special protective clothing and special
handling of the contaminated materials (particularly
Me concentrated matenals) could raise labor costs
well above those that might be expected for a
comparable crew size working at a nonradioactive
Superfund site. Some costs may be reduced due to
efficiencies in personnel monitoring and
decontamination of workers and equipment compared
to some of trio lengthy procedures required for
hazardous chemicals. since radiation is relatively easy
to measure, especially compared to many chemicals.

Overall, the operating cost, if it is assumed to be
similar to on-site incineration operations would
probably range from several hundreb tic:fliers per cubic
yard for a large, high-capacity system with a high
percentage of operating time, to several thousand
dollars per cubic yard for smaller capacity systems
having numerous maintenance problems and a large
crew.

The costs must include disposal costs for
concentrated material and will be highly dependent on
how far treatment must be taken to allow unrestricted
disposal of the "Cleaner" portion.



The costs of treatment for individual sites and groups
of similar sues can be examined in further detail to
determine the Itoly covs of such treatment and now
those costs ;ompare iv!!-I the costs of transcortation
off site and land encapsulation,
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Chapter 9

Criteria for Further Studies

9.1 introduction

Any choice of remediation technologies for radioactive
wastes at Superfund sites would have to be site..
specific. Since none of the chemical extraction and
physical separation technologies has been used in a
site rernediation situation. their application must be
approached cautiously. The same holds true for
solidification or stabilization processes. Essentially,
only land encapsulation has been used to remediate
similar sites; ocean disposal has been used for low
level radioactive wastes f 1-31.

9.2 Alternative Assessment Studies

A complete site characterization would include
mine,rei analysis, panicle size dictnbutinn, rclinnucline
contaminant distribution on various size fractions, soil
texture and permeability, moisture content, etc. A list
of some important site and waste characteristics that
may affect the applicability and effectiveness of
various technologies is presented in Table 19 (41.

Since further developments and studies on alternative
technologies for each Supe"fund site may be very
expensive. it is important to study the patterns in
waste characteristics at venous sites and develop
waste groups with similar major characteristics.
Alternative assessment studies Can be used to help
select the alternative technologies to treat each waste
group. Thus, a preliminary screening of technologies
can be accomplished based pnmarily on the waste
characteristics.

Based on these alternative assessment studies. one
or more technologies. individually or in combination,
can be selected for further investigation.
Physical separation and combined physical separation
and chemical extraction techniques will not apply if
radionuclides iinifnrmly distributed through alt the

sod size tractviis. This, however, is unlikely. The
highest concentration of radioactive materials appears
to be contained in very fine particles (5,61.

Chemical extraction technologies may be applicable
to tailings and contaminated soils but may not be
applicable to building debris and contaminated
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Table 19. Site and Waste Cherecterratics that Impact
Remediation Technologies

Site Characteristics
Site volume
Site Area
Site Configuration
oteopeal Metnocts

Climate
• Precipitation
• Temperature

Evaonraadd
Sad Tamura and Parrnesoady
Sod Moisture
Slone
Drainage
vegetation

Waste Charactetlenca
Quantity
Chemical Composition
Mineral Comp-mown
Acute Toxicity
Persistence
Biodegradability
Total Radioactivity

Radioisotopes and Concentration
Ignite*lity

ReactrintwCarbeveriess
Treatment
Thermal Properties

Death or Bedrock
Depth to Aguicfudes
Degree of Contamination
Cleanup Requirements
Direction and Raw of Ground-
water Flow
Receptors
Drinking Water Wells
Surf-ace Waters
Ecological Areas
Existing Land U30
Depths of Ground Water
or Plume

Infectiousness
Solubility
Volatility
Density
Parbscrt Coefficient
Sate Levels in the Environment
Compatibility wet Other
Chemicals
Particle Size Ootritxtbon
Radioactivity Oistripubcc with
Pastas Size

Sauce: (4)

equipment. Chemical extraction techniques may not
clean sod and tailings that contain a large quantity of
refractory minerals (7-91.

Discussed in this chapter are the various studies
needed to evaluate the technologies for their
applicability to site remediation.

9.3 Treatability Studies

When one or more remediation concepts are selected
that appear applicable, plans may be made for
h.r.r•h_ermies Imiwntriry cti Aloe qairrace thorn rruilei

lead to pilot-scale testing and eventually to full-



scale demonstration of site cleanup. This step-wise
procedure can permit stopping or redirecting
development of a remediation technology that
appears unfruitful. Carefuiiy developed work plans
and quality assurance plans must precede each step.

More data:lac* inforrnetinn aeriet the saiartori

technologies would be developed at the bench-scale
stage. Examples of bench-scale studies required
include:

For solidification or stabilization-selection and
performance evaluatiue of selidif-ying agents
compatible with the chemical composition of
the specific waste group.
For flotation-development of surfactants that
enhance the removal of the contaminant in
specific mneral form while suppressing the
other minerals in tne specific waste group.
For chemical extraction with inorganic salts -
identification of specific inorganic salts and
determination of relevant process parameters
to effectively extract the radionuclide
contaminant from the specific waste group.

Based on the information developed in these studies.
detailed remediation processes can be selected that
may involve multiple technologies. Selection of any
process must include consideration of whether
anprnpriatla mathririe are avallahla fnr tenth

the concentrated fractions and the "clean" fractions.
Preliminary cost information relative to each of these 5.
processes would be developed along with
performance expectations. The criteria used to
evaluate these processes so that some processes
could be selected for furtlier development could
include:

The pilot testing would be used to develop better
information on the performance of the process.
assessment of technical problems, and costs. Testing
must be carried out over a significant duration to
obtain reliable data.

Fnr field demonstration and full-scale site
remediation. the criteria applied earlier could be used
to select a remediation process.

9.5 References
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Amount of expected waste volume reduction;
Radioactivity of the expected "clean'
tractions:
Applicability to other waste groups:

▪ Technological uncertainty;
• Potential risks to remediation personnel:
• Potential to construct mobile or transportable

units;
Generation of any toxic by-products or
effluents:
Potential to corerriediate Other hazardous
chemicals in the specific waste group;
Total cost of remediation: and
Disposal site availability.

9.4 Pilot-Plant Studies

After ail the criteria listed above are weighed
appropriately, it is expected that no more than one or
two processes may qualify for pilot-scale testing for
a specific waste group.
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Chapter 10

Conclusions

This report provides a technical review of the
technologies that may be useful in removing
radionticlidos from radiologically contaminated
Superfund sites. As a result of this review, the
following conclusions have emerged:

10.1 Technological Approaches

Alteration or remediation of the radioactive
decay process, thus changing the
fundamental hazarA is not possible.

Remediation. to date, has only involved
removing contaminated material and
containing it in above-ground land
encapsulation, drums. or temporary storage
sites. This approach has substantial technical
backup.

Alternative treatment technologies that may
warrant further study include solidification,
vitrification, chemical extraction, physical
separation. and combinations of physical
separation and chemical extraction. Even if
these treatment technologies were effective,
some form of final disposal would always be
needed.

Various remediation technologies may have
potential to reduce the volume of the
contaminated waste with an associated
increase in concentration of the radioactive
material.

Remediation technologies generally result in
the disturbance of contaminated material. The
additional risk to human health and the
environment must be weighed against leaving
the contaminated materials on.site in a
contained state, if th't opt:1'm

Physical separation and/or chemical extraction
technologies can potentially concentrate the
contamination, thereby reducing the volume
and weight of the waste material for final
disposal.

Remediation may include soil ventilation and
shielding around homes to protect people
from radon and gamma radiation exposure.

Ocean disposal could potentially be a
technically viable method.

10.2 Disposal

All nonresidual waste must be disposed at a
final site that is designed to meet security and
longevity criteria appropriate for the
concentration of radioactivity that is present.

Capping could be a more suitable method
than areal removal of radon for controlling
radon emissions from large sources.

10.3 On-Site Treatment

Solidification and vitrification technologies do
not reduce the amount of the contaminated
material. However, they may immobilize the
contamination in the waste material thereby
increasing the effectiveness and safety of the
conventional remediation (e.g.. land
encapsulation). Solidification may actually
increase the volume by the addition of the
solidifying materials.

10.4 Chemical Extraction Technology

Several chemical extraction technologies
have been studied in the laboratory by
venous investigators. These include the use
of salt solutions, mineral acids. and various
complexing agents to extract the radioactive
contaminants from the soil. Several of these
experiments had relatively high extraction
efficiencies. For example, up to 97 percent
radium and 99 percent thorium were removed
using nitric acid and up to 92 percent of
radium was removed from uranium mill
11.0•;COLP.0 cri-rs



Chem,-Ai oytrartrnri technologies potentially
applicable for treating radioactive wastes at
Suoerfund sites are being researched and

investigated. Significant development work at
bench and pilot scale would be required

before these technologies could be utilized at

lull scale.

10.5 Physical Separation and Reduction

Physical separation technologies can only be
useful for those waste materials in which the
radi•Active contamination resides in a certain

particle size fraction. This information about

the waste materials at the 20 Superfund sites
is not presently available in sufficient detail.

Extensive soil characterization is required at

these Suoerfund sites to better establish the

applicability of the physical separation

technologies.

The physical separation technologies are at a
mature stage of development. A significant

selection and variety of hardware are

available in the uranium mining industry. It

detailed soil characteristics at the
radiologically contaminated Superfund sites
are developed, it could be possible to design
specific systems for further bench-scale and

Cr..e.tiPt... .1,44 ....11..tsrtri
scr,Jt.. ,y1 ••••

10.6 Combined Physical Separation and
Chemical Extraction

At a specific site. using a combination of

physical separation and chemical extraction
technologies is likely to be more effective
than using either type of technology
separately.

411 '7
IJ.J iaa 
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It is important to note that in some cases
there may be two categories of residual
contamination: process wastes and soils
contaminated with isolated radionuclides or
groups of rarlifirt...-firiia While removal of the
radioactive fractions of soils contaminated

only with single radionuclides such as
uranium or plutonium might result in "clean"
fractions acceptable for unrestncted disposal.
removal of the radioactivity from a soil also
contaminated with process wastes may not.
In the second case the nonradioactive
fractions of the residues could result in an
unacceptable product. Therefore, before
considering any separation technique, it is
necessary that acceptable limits for both the

radiological contaminants and the non-
radiological contaminants be defined. In some
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cases. multiple treatments or combined

technologies could be required to achieve
environmental goals.

Every site remediation involving radioactive

materials must involve a final. environmentally
sate disposal site for the radioactive

materials.

Even it it proves feasible at a particular site to
lower the concentration of radionuclides in the

soil by physical separation and/or chemical
extract= to some r.r.optAhlt# level, the

"clean" fractions are likely to contain traces

of radionuclides. Therefore, adequate
attention must be given to whether the
"clean" fractions may be returned to the

original site or an unrestricted location or

must tie sent to a disposal site.

When developing technologies for cleanup at

a site. it is essential that a step-wise
procedure be used. This should begin with

assessment studies and bench-scale
testing, followed by pilot-scale testing. Only

if these are successful should full-scale
demonstrations be attempted. Carefully

developed work plans and quality assurance

plans should precede each Step.

10.8 Site Characteristics
Twenty Superfund sites have radiologically

contaminated soil spread over 9500 acres. Of

these sites. five are ODE sites l3 FUSPIAP
2 Qp.m.,p). (data presented here are

accurate as of December 1987.1

Any choice of remediation technologies for
radioactive waste at Superfund sites would

have to be site specific. Extensive site soil

cnaracienzatiun studies. such as complete
mineral analysis. particle size distribution,

radionuclide-contaminated distribution, soil

texture, and permeability, would be required
prior to development and application of most

of the technologies, land encapsulation being

an exception.



Appendix A

Applicable Laws, Regulations. and Guidance

This appendix bnefly presents some of the laws.
regulations. and guidance that are part of the
framework within which technologies may be selected
for remediation of Superfund sites. This report does
not attempt nor is it intended to provide a complete or
detailed amysis of how various laws. regulations, and
guidance amply in general or at a specific Superfund
site, nor is it intended to set or interpret policy for the
selection or use of technologies to clean up any
Superfund or other hazardous waste site.

Superfund sites are remediated under the provisions
of the Comprehensive Environmental Response.
Compensation, and Liability Act of 1980 (CERCLA} as
amended by the Superfund Amendments and
Reauthorization Act of 1986 (SARA). Several sections
of CERCLA and SARA are pertinent to the intent of
this document.

EPA undertakes remedial investigation and feasibility
studies (RI/FS) at National Priorities List (NFL) sites
where there is a release of a hazardous substance or
pollutantor ...-entaminant. or throat of release. to
identity those releases and their nature. along with
planning and investigations necessary to direct
response actions. Radiologically contaminated sites
have qualified for the NFL.

Section 311 of CERCLA. commonly referred to as the
Superfund Innovative Technology Evaluation (SITE)
program. provides for demonStrations of alternative
technologies in the cleanup of sites On the NPL.
Radiologically contaminated sites and treatment
technologies, such as those described in this
document, may qualify for demonstration under this
program. The SITE program generally requires that a
technology developer bear the cost of demonstrating
his technology, while EPA bears the cost of its
evaluation. Proof of concept laboratory results must
be supplied by the technology developer before EPA
can consider funding a demonstration under this
program.

SARA Section 118(m) (not an amendment to
CERCLA) states that it is the sense of Congress that
fully demonstrated rernediatirin methnids, such aS

off-site transport and disposal. are not necessaniy
required at Sites on the NPL because of the presence
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of radon. This section states that innovative or
alternative methods that protect human health in a
more cost effective manner may be used.

SARA Section 121 (Cleanup Standards) states a
strong statutory preference for remedies that are
highly reliable and provide long-term protection. In
addition to the requirement for rem:digs to be both
protective of human health and the environment and
cost•effective, additional remedy selection
considerations in 121(b) include:

• A preference for remedial actions that employ
treatment that permanently and significantly
reduces the volume, toxicity, or mobility of
hazardous substances, pollutants, and
contaminants as its principal element.

• Offsite transport and disposal without treatment is
the least favored alternative where practicable
treatment technologies are available.

▪ 1110 I% WWI to n.atssee the' was* of porrnanant

solutions and alternative treatment technologies
or resource recovery technologies and use them
to the maximum extent practicable.

Section 121(d)(2)(A) c,f SARA incorporates into law
cue CE,FIC*4.A Com-olianc-e Poiicy, which specifies that
Superfund remedial actions meet any Federal
Standard requirements. criteria. or limitations that are
legally applicable or relevant and appropriate
requirements (ARARs) under any Federal or state
environmental law.

CERCLA Section 104(a)(3) limits Federal response
authority for releases of naturally occurring
substances in locations where they are naturally
found. However, this section does not apply for many
of the radiologicaily contaminated Superfund sites.

The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLFIWPAA) requires states
and compacts to develop siting plans for low-level
radioactive waste (LLW) disposal facilities by January
1. 1988. These disposal facilities may receive
commercial mixed low-level radioactive and
hazardous waste (Mixed LLW), which is regulated by



inn tie. Nuclear Regulatory Commission (NRC)
under me Atomle Energy Act (AEA) as amended. and
by tne EPA under tne Resource Conservation and
Recovery Act of 1976 (RCRA), as amended. NRC
has promulgated LLW regulations and EPA has
issued guidance that pertains to the siting
requirements for disposal facilities for Mixed LLW.

Section 5(0)(1)(B) of the LLRWPAA requires states
and compacts to develop siting plans for LLW
disposal facilities by January 1. 1988. ln addition to
other information, these siting plans must identify, to
tne extent practicaoie, the process for I -0 screening

for broad siting areas. (2) identifying and evaluating
specific candidata sites. and (3) characterizing the
preferred seals). It is anticipated that this process will
be based primarily on the site suitability requirements
that apply to LLW disposal. If facilities also receive
Mixed LLW. their siting requirements will reflect
additional requirements that apply to disposal of
hazardous waste as defined by RCRA.

Combined NRC-EPA Siting Guidelines for Disposal
of Commercial Mixed Low-Level Radioactive and
Hazardous Waste (see Addendum) provide guidance
to facilitate development of siting plans for disposal
facilities that may receive Mixed LLW.

Joint NRC-EPA Guidance as a Conceptual Design
Approach for Commercial Mixed Low-Level
Radioactive and Hazardous Waste Disposal Facilities
{see Addendum) presents a conceptual design
approach that meets the regulatory requirements of
both agencies for the safe disposal of Mixed LLW.
Other designs. or variations on the proposed design
concept. may also be occupiable under tne
requirements of both agencies and will be reviewed
on a case-by-case basis as received.

Standards developed under Section 275 of the
Atomic Energy Act and Section 206 of the Uranium
Mill Tailings Radiation Control Act of 1978 may be
applicable or relevant and appropriate on a site
specific basis to the cleanup of radiologically
contaminated Superfund sites. In January 1983, the
EPA promulgated 40 CFR 192. Health and
Environmental Protection Standards for Uranium and
Thonum Mill Tailings under authority of these Acts.
The pertinent standards are contained in 40 CFR
192.12. 192.32. and 192.41, and deal with the
acceptable levels of radioactivity in residual materials
and rataation emission levels from them. and with
disposal fequaaraaras The rficrin.cai regiiiromanrc

include a assign life of at least 200 years and
preferably 1,0e0 years where reasonably achievable.

The Department of Energy (Office of Nuclear Energy)
operates four remedial action projects far
feolcilogically contaminated sites that parallel EPA's
Superfund program. Remedial actions have been
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comoleted or are in advanced stages at some of
these sites. These DOE projects are as follows:

1. Formerly Utilized Sites Remedial Action Protect
(FUSRAP) under authority of the Department of
Energy Organization Act of 1977.

2. The Uranium Mill Tailings Remedial Action Project
(UMTRAP) under authority of Public Law 95-
604. the Uranium Mill Tailings Control Act of
1978.

3. The Citand Junction rgerrtedlal Action Pro!,sc:
(GJRAP) under Public Law 92-314 (1972)
amended by Public Law 95-236 (1978).

4. The Surplus Facilities Management Program
(SFMP) under authority of the Department of
Energy Organization Act of 1977.

These projects are described in Appendix B.

In addition, DOE's Office of Defense Waste and
Transportation Management (OWTM) is responsible
far safely managing defense waste as generated.
transporting it. and storing it. and is also responsible
for developing and implementing the technology
needed for long-term management and eventual
disposal of the waste.

One of the options for radioactive waste disposal is
ocean disposal. Ocean disposal is controlled by
regulations under the Marine Protection, Research.
and Sanctuaries Act of 1972. as amended. The
regulations are contained in 40 CFR Parts 220
through 229 and are currently being revrtad. Pareaps
the most pertinent are found in 40 CFR 227. Criteria
for the Evaluation of Permit Applications for Ocean
Dumping of Materials. A unique provision of ttie Act is
that a permit may not be issued by EPA for ocean
disposal of radioactive materials without the approval
Of both Houses of Congress. The Act prohibits ocean
disposal of high level wastes: only low level wastes
are eligible to be considered for a permit.

Although this document has been specifically directed
at the romediation of Superfund sites, it may have
applicator. ,/ to permitted sites that require coh•active
actions under RCRA as amended by the Hazardous
and Solid Waste Amendments of 1984 (HSVVA). A
RCRA Site can be placed on the CERCLA NPL If the
operator is bankrupt, unwilling to carry out corrective
arttnn: nf has lost his authonzation to operate (see
Preamble to 40 CFR Part 300. June 10. 1986).



Addendum I - Combined NRC-EPA
Siting Guidelines for Disposal of
Commercial Mixed Low-Level
Radioactive and Hazardous Wastes

Introduction

The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires states
and compacts to develop siting plans f,sr ;ow-level
radioactive waste (LLW) disposel facilities by January
1. 1988. These disposal facilities may receive
Commercial mixed low-level radioactive and
hazardous waste (Mixed LLW), which is regulated by
the U. S. Nuclear Regulatory Commission (NRC) the
Atomic Energy Act (AEA), as amended. and by the U.
S. Environmental Protection Agency (EPA) under the
Resource Conservation and Recovery Act (FICRAI,
as amended. Mixed LLW is defined as waste that
satisfies the definition of LLW in the LLRWPAA and
contains hazardous waste that either is listed in
Subpart 0 of 40 CFR Part 261 or causes the LLW to
exhibit any of ttia hazardous waste characteristics
identified in Subpart C of 40 CFR Part 261. To assist
in applying that definition, NRC and EPA recently
developed joint guidance entitled "Guidance on the
Definition and Identification of Commercial Mixed
Law-Level Radioactive and Hazardous Waste and
Answers to Anticipated Questions" (Jan. 8. 1987).
NRC has promulgated LLW regulations and EPA has
promulgated hazardous waste regulations that pertain
to the siting requirements for disposal facilities for
Mixed LLW. Because of uncertainty about the precise
content of EPA's future location standards. states and
compacts may have questions regarding the site
selection process. This document provides combined
NRC-EPA siting guidelines, to be used before EPA's
new location standards are promulgated. to facilitate
development of siting plans for disposal facilities that
may receive Mixed LLW.

Section 5(e)(1)(B) of the LLRWPAA requires states
and compacts to develop siting plans for LLW
disposal facilities by January 1. 1988. In addition to
other information, these siting plans must identify, to
rtin erlent peaCtIC24ie thep•r.i."0015 In. (11! 01•100delflielni.

for broad siting areas. (2) identifying and evaluating
specific candidate sites, and (3) Characterizing the
preferred sitels). It is anticipated that the: process will
be based primarily on the site suitability requirements
that apply to LLW disposal. If facilities also receive
Mixed LLW, thee siting requitement-a will refit-Kt
additional requirements that apply to disposal of
hazardous waste as defined by RCRA.

In 1962, NRC promulgated regulations which contain
minimum site suitability requirements for LLW land
disposal facilities in 10 CFR 61.50. EPA has also
promulgated minimum location standards for
hazardous waste treatment, storage and disposal
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facilities in 40 CFR 2E4.18. Considerations affecting
siting are also found in 40 CFR 270.3. 270.14(b) and
(C). Although both NRC and EPA have incorporated
siting requirements in existing regulations for LLW
and hazardous waste disposal. respeCtively, the 1984
Hazardous and Solid Waste Amendments (HSWA) to
RCRA require EPA to publish guidance identifying
areas of vulnerable hydrogeclogy. In July 1986. EPA
published this guidance in "Criteria for Identifying
Areas of Vulnerable Hydrogeofogy under the
Resource Conservation and Recovery Act —
qtstetery interpretative Guidance, .11,1y 1966. Interim
Final (PB-86-2249531." The 1984 HSWA also
requires (in Section 300440)(7)) that EPA specify
criteria for the acceptable location of new and existing
hazardous waste treatment. storage. and disposal
facilities. EPA anticipates proposing these location
standards in September 1987 and promulgating them
in final form by September 1988.

EPA's scheduled date for promulgating its final
location standards is nine months after the LLRWPAA
January 1. 1988. milestone for non-sited states and
compacts to develop siting plans. Theretore, states
arid compacts may require some assistance in their
efforts to develop siting plans for LLW aisposal
facilities that may receive Mixed LLW. The two
agencies are issuing these combined guidelines to
promote the development of siting plans by states
and compacts. Both NRC and EPA consider that the
absence of EPA's final comprehensive location
standards for hazardous waste disposal facilities is an
adequate basis for states and compacts to delay
development of siting plans for LLW disposal.

States and compacts should proceed at this time to
develop siting plans in accordance with the existing
NRC and EPA requirements. The following combined
NRC-EPA guidelines are provided for use by the
States and compacts. and are based on existing NRC
regulations in 'ill net Part 61 and EPA regulations in
4 CFR Parts 264 and 270. As EPA continues its
development of location standards. both agencies will
Strive to keep states and compacts informed about
tne status of the developing siting requirements.

Combined NRC-EPA Sling Guidelines

Site suitability requirements for land disposal of LLW
are provided in 10 CAF Section 61.50. These
requirements constitute minimum technical require-
ments for geologic, hydrologic, and demographic
characteristics of LLW disposal sites. Several of
these requirements identity favorable site
Characteristic for near-surface disposal facilities for
LLW. The matonly of the site suitability requirements,
however, identity potentially adverse site
charactenstirs that must not be present at LLW
disposal Sites. The site suitability requirements in 10
CFR Part 61 are ..'tended to function collectively with
the requirements for facility design and operation, site



closure, waste classification and segregation. waste

form and packaging. and institutional controls to

assure isolation of LLW for the duration of the
radiological hazard. The NRC Technical Position

entitled "Site Suitability, Selection, and

Characterization' (NUREG-0902) provides detailed

guidance on implementing the site Suitability

requirements in 10 CFR Part 61.

EPA has also promulgated certain nenirnurn location

standards for hazardous waste treatment. storage.

and disposal facilities. These standards are provided

in 40 CFR Section 264.18. As previously noted, the

hazardous waste regulations also include other

location considerations as well as applicable

provisions of other Federal statutes. For example,

Subpart F of 40 CFR Part 264 requires establishment

of ground-water monitoring programs capable of

detecting contamination From land disposal units.
While not a suing cnterion per se this requirement

can preclude siting in locations that cannot be

adequately monitored or characterized. A further

description of location-related standards and
applicable provisions of other Federal statutes can be
found in the "Permit Writers" Guidance Manual for

Hazardous Waste Land Storage and Disposal
FanMee: Phecia 1 Criteria for Location Acceptability

and Existing Applicable Regulations" 1Final Draft •
February 1985). This guidanca manual describes five
cr,tena for determining location acceptability; ability to
characterize, exclusion of high hazard and unstable

terrain, ability to monitor, exclusion of protected lands,

and identification of areas of vulnerable hydrogeelOgy.
The first four of these criteria have a basis in the
regulations and are fully described in the manual. The
fifth criterion, vulnerable eyr1rogeOlogy, is defined in

the RCRA interpretive guidance manual mentioned

above (Criteria for Identifying Areas of Vulnerable
Hydrogeology under the Resource Conservation and
Recovery Act-Statutory Interpretive Guidance. July
1986, Interim Final (P9-86-22495311.

However, since HSWA also added other requirements
in addition to location standardS to prevent or mitigate
ground-water Contamination. EPA recognizes that
vulnerable hydrOgeology must be considered in

conjunction with design arid operating practices.

Vulnerability should not be the sole determining fact

in RCRA siting decisions. Rather, this criterion

provinee a trigger for more detailed evaluation of sites

that are identified as having potentially vulnerable

hydrogeology. The extent of necessary site review

and evaluation is related directly to the extent to

which a location "fails" or "passes" the vulnerability

Criterion. Sites that are determined to be extremely

veto able will ronuire much closer exernmeenn then

sites that are deemed non-vulnerable. The results of

this more detailed review may then provide a basis

for eventual permit conditions or modifications in

design or operating practices.

By combining the above technical requirements.

standards, and guidance of ooth agencies. NRC and

EPA have formulated the eleven guidelines listed

below. The use of terms in the guidelines is

consistent with their regulatory definition in 10 CFR

Part 61 and 40 CFR Parts 260 and 264. The

Combined set of location guidelines is intended by the

agencies to apply only as guidance to states and

compacts developing siting plans for LLW disposal
fat-ghee! that may receive Mixed LLW. These

combined guidelines are not Intended to displace
existing standards and guidance. In addition, the

independent guidance of both agencies should be

considered in any application of the combined siting

guidelines.

The combined siting guidelines for a commercial

Mixed LLW disposal facility are as follows:

I. Primary emphasis in disposal site suitability should

be given to isolation of wastes and to disoosal site

features that ensure mat the long-term pe-tormance

objectives of 10 CFR Part 61. Subpart C are met.

2. The disposal site shall be capable of being

characterized, modeled, analyzed, and monitored. At

a minimum• site characterization must be able to (a)

delineate ground-water flow paths. (b) estimate
ground-water flow velocities, and (C) determine
geotechnical properties sufficiently to support facility

design. At a minimum for site ground-water

monnonng disposal site operators must be able to (a)
acessec the rate anrf riiraettnn of ground-water flow in

the uppermost aquifer, (b) determine background

ground-water quality. and (c) promptly detect

ground-water contamination.

3. The disposal site must be generally well-drained

(with flibytl1.1 to surface water) and free of areas of
flooding or frequent ponding.

4. The disposal site shall not be in the 100-year
floodplain.

5. The site must be located so that upstream

drainage areas are minimized to decrease the amount

of runoff that could erode or inundate waste disposal

units.

6. Disposal sites may not be located on lands

specified in 10 CFR Section 61.50(a1151. inducting

wetlands (Clean Water Act) and coastal high hazard

areas (Coastal Zone Management Act). Location of

facilities on the following lands must be consistent

with requirements of applicable Federal statutes:
arrhaningiral and historic places Oklahoma! Historic

Places Act); endangered or threatened ha iit:ro.
(Endangered Species Act): national parks.
monuments. and scenic rivers (Wild and Sce•-...:

Rivers Act); wilderness areas (Wilderness Protection

1



Act); and wildlife refuges (National Wildlife Refuge
System Administration Act).

7. The disposal site shouid provide a stable
foundation for engineered containment structures.

8. Disposal sites must not be located in areas where:

(a) tectonic processes such as faulting, folding,
seismic activity, or vuicanism may occur with such
frequency and extent to affect significantly the ability
VI 1110 d17./%.,iCli fait. ry acit at thcf 111;3.40

objectives specified in Subpart C of 10 CFR Part 61,
or may preclude defensible modeling and prediction
of long-term impacts; in particular. sites must be
located more than 200 feet from a fault that has been
active during the Holocene Epoch;

(b) surface geologic processes such as mass
wasting. erosion, slumping. landsliding, or weathering
occur with such frequency and extent to affect
significantly the ability of the disposal facility to meet
the performance objectives in Subpart C of 10 CFR
Part 61. or may preclude defensible modeling and
prediction of long-term impacts:

(C) natural resources exist that. if exploited. would
result in failure to meet the performance objectives
Sub/3am C of 10 CFR Part 61:
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(d) projected population growth and future
developments within the region or state where the
facility is to be located are likely to affect the ability of
the disposal facility to meet the performance
objectives In Subpart C of 10 CFR Part 61; and

(e) nearby facilities or activities could adversely
impact the disposal facility's ability to satisfy the
performance obiectives in Subpart C of 10 CFR Part
61 or could significantly mask an environmental
monitoring program.

9. The hydrogeoiogic unit beneath the site shall not
discharge ground water to the land surface within the
disposal site boundaries.

10. The water table must be sufficiently below the
disposal facility to prevent ground-water intrusion
into the waste, with the exception outlined under 10
CFR Section 61.50(a)(7)

11. 1n general. areas with highly vulnerable
hydrogeology deserve special attention in the siting
process. Hydrogeology is considered vulnerable when
ground-water travel time along any. 100-foot flow
path from the edge of the engineered containment
structure is less than acproximately 100 years
(Criteria for Identifyinq Areas of Vulnerable
Hydrogeolog UyUnder RCRA—Statutory Interpretive
Guidance. July 1985, Interim Final (P8-86-
224953)). Disposal sites lecatinJ in areas of
vulnerable hydrogeology may require extensive.tsae-
specific investigations which could lead to ̀ and
provide bases for restrictions or modifications to
design ot Operating practicas. Howev.sl, a finding that
a site is located in an area of vulnerable hydroceclogy
alone. based on the EPA criteria. is not considered
sufficient to prohibit siting under RCRA.



Addendum ii - Joint NRC-EPA
Guidance on a Conceptual Design
Approach for Commercial Mixed Lowe
Level Radioactive and Hazardous Waste
Disposal Facilities

Introduction

The Low-Level Radioactive Waste Policy
Amendments Act of 1985 (LLRWPAA) requires mat

the three operating low-level rade:as:live waste
(LLW) disposal facilities remain availaote tnrougn
1992. By that time. all states and compact regions
are required to assume complete responsibility for

LLW disposal. Both existing and new disposal
facilities may receive commercial mixed low-level
radioactive and hazardous waste (Mixed LLW), which
is regulated by the U.S. Nuclear Regulatory
Commission (NRC) under the Atomic Energy Act
(AEA). and by the U.S. Environmental Protection
Agency (EPA) under the Resource Conservation and
Recovery Act (RCRAi. Mixed LLW is defined as
waste that catscilia4 the rtetinitlnn of LLW in the
LLRWPAA and contains hazardous waste that either
(1) is listed as a hazardous waste in Subpart 0 of 40
CFR Part 261 or (2) causes the LLW to exhibit any of
the hazardous waste characteristics identified in
Subpart C of 40 CFR Part 261. To assist in applying
this definition. NRC and EPA ISSUed joint guidance
entitled "Guidance on the Definition and Identification

of Commercial Mixed Low-Level Radioactive Waste
and Answers to Anticioated Questions" on January 8,
1987.

This looney deveioped NRC-EPA guidance document
presents a conceptual design approach that meets
the regulatory requirements of both agencies for tne

safe disposal at Mixed LLW. Other designs. or
variation of the propose° aesign concept may also be
acceptable under me requirements of both agencies
and will be reviewed on a case-by-Case basis as
received.

EPA regulations in 40 CFR Part 264. Standards for
Owners and Operators of Hazardous Waste
Treatment_ Storage_ and Oiconsal Facilities_ identify

the design and operating requirements for owners
and operators that dispose of hazarnous waste in
landfills (264.300 to 264.3171. These regulations
involve requirements for the Installation of two or
more liners and a leachate collection and removal
System (LOIS) above and between the !mere to
promote human health and the environment.
Exceptions to the double liner and leactlate collection

system requirements are allowed, if alternative design

and operating practices. together with location
cnaracteristics, are demonstrated to EPA qegional
Administrator to be equally effective preventing the
migration of any hazardous constituent into the
ground water or surface water.
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NRC regulations in 10 CFR Part 61. Licensing
Requirements for Land Disposal Radioactive Waste.

indicate that long-term stability of the waste and the

disposal site require minimization of access of water

to the waste (51.7(b)(2)1 and that the disposal site

must be designed to minimize, to the extent

practicable. the contact of water with waste during

storage. the contact of standing water with waste

during disposal. and the contact of percolating
standing water with wastes after disposal

(61.51(au6i1. The primary obieclive of the above

NRC regulations is IQ preclude the possibility of the
development of a "bath-tub" effect in which the
waste could become immersed in liquid (e.g.. from

infiltration of surface water runoff) within a disposal

unit below grade with a low-permeability bottom
surface.

The guidance on a conceptual design approach that

is offered in the subsequent paragraphs is intended to
present basic design concepts the, are acceptable in

addressing the regulations of both the NRC and EPA
with respedt to requirements for liners. leacnate
collection systems and efforts to minimize the contact

of liquid with the waste. It should be recognized that

the guidance is being provided at the conceptual level

and that the design and details that are
complementary to specific site conditions need to be
engineered by potential waste facility owners and
operators. The application of the guidance in this
document will not affect the requirements for
licensees of waste disposal facilities to comply watt, 311

applicable NRC and EPA regulations.

Conceptual Design

Sketches and a brief discussion of the design
considerations for an above grade disposal unit are
provided. This design concept has been developed
primarily to demonstrate the integration of EPA's
regulatory requirements for two or more liners and a

leacnate collection system above and between liners

and the regulations of the NRC that require the
Contact of water with the waste be minimized. In

addition, the design concept fulfills the need under
tens agencies' reaulations to assure lonq•term

stability and minimize active maintenance atter site
closure.

In this approach. the Mixed LLW would be plied
above the original ground surface in a tumulus that
would be blended len the t114,0061.41 cite Inpogrfterly.

Schematic details of some of the pnncipai design
features of an above grade Mixed LLW disposal unit
are provided in the sketches accompanying INS
guidance document. Figure Al depicts the three
dimensional overall view 01 a concept Mixed LLW
clisoosai unit Figure A2 provides details of the

perimeter berm, liners, and 'sachem collection

system: Figure A3 presents a cross-sectional view



of the covered portion of the disposal unit: and Figure

A4 describes the final cover system.

In the overall view of the Mixed LLW disposal facility,

the double liners leacriate collection and removal

system are installed before the emplacement of the

Mixed LLW: and the cover system is added at

closure. The leak detection tank and leachate

Figure A 1. Mimed waste disposal facility.

collection tank are encircled by a berm that controls

surface water runoff from precipitation that wcuil+1 fall

directly on the waste facility site The drainage pipes

in the upper primary collection system would collect

any leachate that could possibly dr..velop above the

top flexible membrane liner and below the emplaced

waste. Any ieachate collected would drain through

pipes to :P.t: primary leachate collection tank where
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the leachate would be tested and treated. if =tared.
Any leachate collected by the lower leachate
collection and removal system would drain to the leak
detection tank. The development of significant
amounts of leachate from the solidified waste after

closure is not anticipated. This is because the closure

requirements provide that the cover must be

designed and constructed 1) to provide long-term
minimization of water infiltration into the closed

disposal facility, 2) to function with minimum

maintenance. 3) to promote drainage and minimize
erosion, and 4) to have a permeability less than or

equal to the permeability of any bottom liner system.

It is anticipated that the area shown on Figure A3

between the slope of the final cover and the run-on

control berm, where the tanks are located, would be
regraded and the tanks removed at the end of the
poseelneure rare period (normally 30 years) when

leachate development and collection is no longer a
problem.

Figure A2 provides the general details required by
EPA regulations for the double finer and leachate
coll-etion and r-mov-' system. The perimeter berm

for leachate runoff control would assure that all

leachate is collected below the waste and safely
contained and transported through the drainage layers

and pipes to the tanks located outside the final cover

slope. NRC's regulation requiring minimizing contact

of the waste with water are fulfilled by requiring the

waste to be placed above the level of the highest
water table fluctuation and above the drainage layers
where leachate would collect. The bottom elevation of

the solidified Mixed LLW would be required in all

Figure A 3. Croweestionai view A-A

(verde.* mato aseggeretestl.

Area Regraded Following

Post-Closure Care Pined

Figure AA

Run-on

Control
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s.

instances to be at aictuarinns above the to of the

perimeter berm.

In Figures A3 and A4, the design concepts for the

final cover over the solidified waste zone and the

perimeter berm are presented. The actual zone for

placement of solidified Mixed LLW may consist of

different options, depending on the licensee's
selection. Options that would be acceptable include

use of stable high integrity waste containers (lelCs)

that have the spaces between containers filled with a
cohesionless. low compressible fill material or

placement of the waste in an engineered structure.

such as a reinforced concrete vault. A cover system

over the waste that would be acceptable to the EPA

and NRC is shown in Figure A4. The cover system

would consist of (1) an outer rock or vegetative layer

to minimize erosion and provide for long-term

stability, (2) a filter and drainage layer that transmits

infiltrating water off of the underlying low permeability

layers. (3) an impervious flexible membrane liner

overlying a compacted low permeability clay layer.

and (4) a filter and drainage layer beneath the
compacted flay laytor. If the. solidified waste zone

does not consist of an engireered vault structure with

a top root, an additional compacted clay layer should

be placed immediately above the emplaced waste to

direct any water infiltration away from the waste zone.

.Mixed LLW that contains Class C waste as

designated by NRC's regulations would need to

provide sufficient thickness of cover materials or an

engineered intruder bamer to ensure the required
protection against inadvertent intrusion.
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Variations on the above described design approach
may include placement of the Mixed LLW in an
engineered reinforced concrete vault. a steel fiber
polymer-impregnated concrete vault, or double-
lined high integrity containers that are hermetically
sealed. If proposed by license applicants. these
vanations would be reviewed by both the EPA and
NRC on a case-by-case basis to evaluate their
acceptability and conformance with established
federal regulations.

For questions related to NRC regulations and design
requirements. cant=

Dr. Sher Bahadur, Project Manager
Division of Low-Level Waste Management and

Decommissioning
Mail Stop 623-SS
U.S. Nuclear Reiguiailary COrnrnissiuri
Washington, DC 20555
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Facility specific questions. permitting requirements,
variances and other related concerns should be
addressed to either the EPA regional office or state
agency authorized to administer the mixed waste
program as appropriate. For general questions related
to EPA regulations and design requirements, contact:

Mr. Kenneth Skahrt, Senior Engineer
Waste Management Division
Mail Stop WH-565E
U.S. Environmental Protection Agency
401 M Street. SW
yy2chingtnn. tin 90011



Appendix 9

Characteristics of Man-Made Radiological!), Contaminated Sites

Introduction

The type of remediation that may be reasonably
applied to sites contaminated with radioactive wastes
depends to a great extent upon the physical,
chemical, and mineralogical characteristics at the
matrix (e.g.. soil) matenal. Other important factors are
the site location (e.g., proximity to a population
center), the volume to be remediated, the radioactive
elements, the level of radioactivity, and the presence
of other hazardous substances.

This appendix briefly describes the sites on the
Superfund NPL that contain radioactive materials. In
addition, information is presented on the DOE's
Formerly Utilized Sites Remedial Action Project
(FUSFtAP), its Uranium Mill Tailings Remedial Action
Protect (UMTRAP), Grand Junction Remedial Action
Project (GJRAP) and Surplus Facilities Management
Program (SFMP). The sites and remediatian
experiences in DOE's projects are very similar to
those of the Superfund program. In tact a few of the
nr1E sites era an the Npi Site lnfnrmabon presented

this Appendix is accurate as of December 1987.

Radiologically Contaminated Superfund
Sites
The information presented here has been compiled
from the various written status reports and
investigation reports obtained principally from the EPA
Regional personnel who have the responsibility for
the described sites. The descriptions are limited to
the 20 sites currently listed on or proposed for the
NPL that are known to contain man-made
radioactive waste materials. These sites are fisted in
Table E1, which is followed by the site descriptions.

A distinction exists between man-made radioactive
wastes and naturally occurring and accelerator
produced radioactive material (NARM), which has

been technologically concentrated or otherwise
altered in such a way that the potential for human
exposure has been increased. The uranium and
thorium series are hallmarks of naturally occurring

teriaia The maierity et theradioactiv.2 listed

Superfund sites with radionuclide contamination are
presumed to be contaminated by elements in these
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series. The listed sites may not be the only
Superfund sites that are radiolooicaily contaminated.
ln fact. it may be expected that, as other Superfund
sites are more fully characterize°. the list will expand.

On the other hand. them are a few Superfund sites
containing radioactivity of natural origin measurable
amounts from the bedrock in the vicinity.

Two of the 20 sites described are landfills containing
solid waste, hazardous waste, and radioactive waste.
Ten of the sites are primarily tailings from ore
processing. Four sites include radiviagicaily
contaminated buiiding materials. At least five of the
sites have been used as sources of fill material on
properties in their vicinities.

Contaminated site areas total more than 9.500 acres
and individually range from about one acre to 6,550
acres. The individual sites range from less than 50
cubic yards to more than 16 million cubic yards. The
largest volume sites (those containing more than one
million cubic yards) are uranium mill tailings sites.
There are five sites in New Jersey. four in Illinois, four
in Colorado, and two in New Mexico. The remaining
sites are located in Massachusetts, Pennsylvania,
Kentucky. MissOun, and Utah.

1. Radioactive Waste Super-fund Site -
Description

Name and Location:

Shpacic/AU (adjacent landfills), Norton/Attleboro.
Massachusetts

EPA Contact Region f:

Robert Shatten, FTS 835-3679

Status:

NPL Final, Rank 672

Final site response assessment report, 11,21/85,
prepared by NUS Corp. for performance of
remedial activities. Monitoring program included
water samples from 10 observation wells and soil



Table at. Ractidscdve Waste Supertund Shea

Site Name CitviCounty

State/EPA

Region

1. Shpacx/AU (Aatacent Lanafilm NonontAtesooro MALI

2 Marmot' Chemical CadSears Pm :Derry Meywcoareergen Co. NJ/11

3. U.S. RatItum Corp. Orange. Essex Co. NJ/II

4. W. R. Grace a Co. (Wayne Mang Wayne'Passed Co. NJill

5. Montetar. West Orangkatx1 Glen Ridge Rum Sim Essex CO. NJ/II

8. Lodi Mumma Wel Lotli. Bergen CO. NJ/II

7. Lansdavete Property Lansdowne PA.111

8. Maxey Sass Nuclear Disposal Site Fleming CaveHeist:cm KY/1V

9. West Chcacto Swage Trzatment Plant West Chicago IiJV

10. Reed-Keskier Park West Chicago ILN

11. Kerr-McGee On-Site Proaentes West Chicago ILN

12. Kerr-McGee Kress CrsekiWest Eamon of Duoage Pryer West Chicago tuv

13. The Nomestake M•nrig Co. Uranium MAI Cibcta Co. NPAN1

14. Untied Nuclear Corp. Church Pock N MN I

15. weioon Swig Quarry SL Charles City MOM!

le. Monscells Ralioactrvey-Conterrenated Proderbas Monticello San Juan. Co. UTNill

17, Denver Palmas Soar/ unit Sites Denver CON111

10 I Canon City CO/V111

U.S. DOE Rocky Fiats Pl.ent19. Golden CON111

20. Uraven Uranuum Protect Montrose Cityttfraven CON1t1

samples analyzed for priority pollutants and gross
..bwoi rft.eliet.,4tilativ

myna, 41R7lia.pa 1111. colhowins...• • •

No Remedial Investigation/Feasibility Study
(RUES} available yet.

Padistinn ORM'

Ra-226, U-238, U-235, U-234 above natural
background levels but uneven distnbution in
surface and subsurface soil. K-40, Th-228,
Th-230 present Rn-222. 240 pCiA in ground
water. Some measured values in soil: Ra-226,
1571 pCi/g; U-238. 18,460 pCi/g; U-235. 200
pCi/g; U-234, 4,200 pCi/g.

Matrix Characteristics:

Wetland or swamp area: sand. aravel, silt and
clay. organic deposits. Nonradioactive
contaminants: 1.2-dichloroethylene. trichloro-
ethylene, tetrachloroethylene, chromium,
cadmium, nickel.

*Noce:

Unknown, possibly manufacture of luminescent
dials and former operation of nuclear submarine
contractor.
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Approximate Area and Volume:

Shpack about 8 acres: AU about 23 acres: 100 enns.

Environmental impact:

10,000 residents relying on well water within 1-
mi radius. 270 residents ;Iva within 3-mi ....1dius.
About 35 private wells within 3 mile radius of the
site serve approximately 130 people. ORNL 1982
survey revealed no migration of radionuclides into
ground water no hydraulic gradient (vertical or
horizontal) in underlying aquifers. Rn-222 at 328
pCiA in ground water in 1980 study by private
consultant considered suspect. Airborne
radionuclide contamination no apparent threat to
public. Based on existing data as of 11/88, no
indication of immediate public health threat.

Source of information:

Final Site Response Assessment Report 0583-
1-5-22. Revision 2: prepared by NUS Corp.,
11/21/85.



2. Radioactive Waste Superfund Site -
Description

Name and Location:

Maywood Chemical Co./Sears Property,
Maywood. Rochelle Park, New Jersey

EPA Contact Region If:

Pasquale Envangelista, FTS 264-2643

Status:

NPL Final. Rank 157.

Site was identified under FUSRAP. and DOE was
designated to perform remedial action related to
radioactive residues. Residential properties in
Maywood. Rochelle Park, and parts of Lodi, NJ
were rernediated. Soil from old disposal areas
was removed. Temporary storage faciity called
the Maywood Interim Storage Site (MISS)
developed. DOE conducting continuous
monitoring at MISS and detailed characterizations
of properties related to the Maywood site.

Radiation Data:

Elevated gamma radiation; gross alpha in water.
18.4 pCiA. Surface soil Th-232. 70 pCi/g; Ra-
226. 10 pCi/g; U-238. 77 pCilg. Subsurface sod
Th-232, 180 pCi/g; Ra-226, 37 pCi/g; U-238.
<232 pCi/g. Stream sediment Th-232. 93 pCilg;
P.a-226, 9 pCdg; U-238 <57 pCiig. Fin-222.,
0.9-300 pCidl in ground water.

Matrix Characteristics:

Tailings, sod. clay-like tailings: used as fill
material in several residential and commerciai
properties; stream sediment: water; air.
Nonradioactive contaminants in sod and tailings:
arsenic, chromium, nickel, lead, cadmium,
beryllium, pesticides. methyl chloride. xylene.
toluene, ethyl benzene, acetone. MSC

Source:

Maywood Chemical Works; extraction of thorium.

Approximate Aria and Volume:

42 acres (entire location), area cf contamination
not known; 270.000 cu yd.

Environmental Impact:

36,000 residents within 4-mi radius. Radon gas
found by NRC at levels higher Ilan background in
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one residence. Elevated gamma radiation levels
on adjacent properties.

Source of Information:

"Characterization Report for Sears Property.
Maywood. New Jersey." DOE/OR/20722-140.
Oak Ridge National Laboratory. May 1987.
"Engineering Evaluation of Disposal Alternatives
for Radioactive Waste from Remedial Actions in
and around Maywood. New Jersey."
ruIRICIPI/9(1791-7a nak Ridria National

Laboratory, March 1986.

EPA NPL Site Status Sheet

3. Radioactive Waste Superfund Site -
Description

!Urines arid it nesatinne

U.S. Radium Corp., Orange. Essex Co. New
Jersey

EPA Contact Region

Douglas Johnson, FTS 264-1870

Status:

NPL Final. Rank 423.

Urifted site characterization done at U.S. Radium
ana satellite properties by EPA and NJDEP. Final
work plan for RI/FS prepared in July 1987. Field
investigation to begin in Fail 1987.

Radiation Data:

New Jersey Department of Environmental
Protection (NJDEP) has to.ind radon and decay
products in air in elevated concentrations and
gamma radiation levels around p.operty
significantiy above background levels. U-238.
U-234. Th-230 and Ra-226 present in soil
and concrete and Fin-222 in air.

Surface Soil:

Ra-226 3.2-670 pCilg
U -238 minor

Subsurface Sal (2-4.5 ft)):

Ra - 226 2090-3290 pC'do
- 238 90.12000 pCi/g



Matrix Characteristics:

Building matenals, grounds. soil, surface, and
ground water.

Source:

Former radium ore processing plant, lab and
manufacturing facility, and radium cottage
industry.

Approximate Area and Volume:

One acre: estimated 10,000 cu yd of tailing waste
on-site.

Environmental Impact:

32.000 residents within 112-mi radius. NJDEP
has found radon and decay products in air in
excessive concentrations: gamma radiation levels
around property greater than normal. Satellite
prupenre5 where radium painting and lab
work done may also be contaminated.

Source of Information:

EPA NPL Site status sheet. EPA Office of
Radiation Programs. 'Final Work Plan for
Remedial Investigation and Feasibility Study. U.S.
Radium Corporation-site. City of Orange. Essex
County, New Jersey," Camp Dresser & McKee
Inc., for USEPA April 1987.

4. Radioactive Waste Superfund Site -
Description

Name and Location:

w. R, %r-Aces P. en (Wayne Plant), Wayne. New
Jersey

EPA Contact Region

Carole Peterson, FTS 264-6190

Status:

NPL Final, Rank 214

Site was partially remediated in 1986 by DOE.
Private residences along Sheffield Brook, where
thorium tailings were carried by surface runoff
cleaned in 1986. Excavations continued in
July/August 1937. Completion of excavation is
contingent upon locating a final disposal facility.
Temporary storage of thorium tailings will be at
Wayne Interim Storage Site (WISS) awaiting a
permanent disposal site in NJ. Most of the off-

site material has been removed.
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Radiation Data:

Total U. 2.7 pCi/g; Th-232. 3.78 pCi/g; Ra-226,
5.1 pCi/g; Ra-228, 6.9 pCi/g; gamma radiation
and Rn-222 in 1985 were less than in 1984

findings. due to remedial activities at the site.

Matrix Characteristics:

Sand and gravel; tailings from processing
monazite ores: tailings buried on-site; surface
and ground water: air.

Source:

Thorium ore (monazite) extraction plant on-site.

Approximate Area and Volume:

6.5 acres; 120.000 cu yd.

Environmental Impact:

51,000 residents within 3-mi radius. Extensive
soil contamination. The potential for further
contamination by runoff has been abated
somewhat by work done to date at site.

Source of Information:

"Wayne Interim Storage Site Annual Site
Environmental Report Calendar Year 1985."
DOE/OR/20722.103, Oak Ridge Operations
Office. August 1986.

5. Radioactive Waste Superfund Site -
Description

Name and Location:

Montclair/West Orange Radium Site and Glen
Ridge Radium Site. Essex County, New Jersey

EPA Contact Region

o,,hart m.-KnIghtSid-te7n

Status:

NPL Final, Rank 178

EPA reitra4cd a draft Remedialic 
Feasibility Study (RVFS) report 9/85. New Jersey
Department of Environmental Protection (NJOEP)
began remediation of nine residential properties
by excavating contaminated soil 6/85. EPA RI/FS
report considered remedial cleanup and disposal
alternatives. Due to the extent of radium
contamination, EPA has been conducting
additional held studies. As of 3/87, EPA has been
unable to solve the soil disposal problem and is



developing a supplemental RI/FS to focus on
L.;JI iL111 ly prvicr.,:j ry laCtOr:

developed.

While final re.rn-hAy is

Radiation Data:

Rri..792 gag in homes, 0.5-440 pCi/I before
remecliation; radium in soil above background in
40% of properties; Ra-226. U-234 present.
Gamma radiation levels as hi,,h as 1300 11R/hr.

Subsurface concentration:
en 444 e .1 It I 4..'11.44 4rn't
Ma I ^ 43.414•AJ ?!V"af ln.or.r.•w...r

Th 1 - 4620 oCiiglmaximum)
U 1 - 248 oCi/g(rriaximum)

Matrix Characteristics:

Ash and cinders in discrete pockets; also
coparently mixed with soil (silt, sand, and gravel)

or used alone as fill.

Source:

Alleged to be former radium-processing facility
nearby.

A...onvirnatah Area and ifrihirndi•

127 acres; 350.000 cu yd total in three separate
areas; over 750 properties involved.

Environmental impact:

Approximately 750 properties in three areas.
76,000 residents within 3-mi radius. EPA.
Centers for Disease Control (CDC). Agency for
Toxic Substances and Disease Registry (AMOR)

have determined the long-term impact on health
of residents.

Source of Information:

Superfund Program Fact Sheet 5/86: update
i ii86 and 3/87.

"Radon Contamination in Montclair and Glen
Ridge New Jersey Investigation and Emergency
Response," by J.V. Czapor and K. Gigliello, and
J. Eng.

"Feasibility study for Montclair/West Orange, Glen
RiUge, New Jersey Radium Sites", Draft Final
Report. USEPA. 1985.

89

S. Radioactive Waste Superfund Site -
Description

Name and Location:

Lodi Municipal Well. Lodi, Bergen County New

Jersey

EPA Contact Region It:

Richard Wice, FTS 264-1870

NPL proposed.
Well dosed 12/83.

Rf/FS Work Plan being prepared. Feld activities
scheduled to begin Fall 1987. RI/FS will determine
whether the source of contamination may be
attributed to either a man-made contaminant or

a naturally occurring source.

Radiation Data:

One welt out of nine contaminated with gross
alpha radiation from U-238 decay.

Matrix Characteristics:

Ground water; VCCs present in most c,f nine
wells.

Source:

Possibly nearby thorium-processing facility, or
may be natural source.

Approximate Area and Volume:

One well radiologically contaminated; 2.35 so mi.

Environmental Impact:

One well closed due to radiological contamination.
Other eight are shut down due to volatile organic
contamination. Lodi using alternate water supply.

Source of Information:

EPA NPL status sheet.

7. Radioactive Waste Superfund Site -
Description

Name and Location:

Lansdowne Property, 105-107 E. Stratford Ave.,
Lansdowne, Pennsylvania



EPA Contact Region Ill:

Vic Janosik, FTS 597-8996

Status:

NFL Final. Rank 703.

Based on a radiological assessment of the
prim:may and a remedial action clan prepared by
Argonne National Laboratory in 1985, EPA has
decided to dismantle the duplex residence and
dispose of contaminated materials at a licensed
burial site (Hanford, WA).

Radiation Data:

Elevated gamma radiation levels. Soil, sewer

lines, budding materials contaminated with Ra-

226, Th-230, Ac-227, and Pa-231. Fin at

0.021 - 0.309 working level (WL). Concentration
in sod Pi: a-226, 737 aCiig; TH-230, 30 pCilg.

Matrix Characteristics:

Soil, concrete, other budding materials, sewer line
waste.

Source:

Basement operation for radium purification and
packaging by former occupant.

Approximate Area and Volume:

52.000 sq ft of land; 2,000 cu yd contaminated
sod, extending to 8 ft depth.

Environmental Impact

Severe contamination of building and surrounding

grounds. One family in area. ATSDR issued

(3/86) health advisory warning that radiation levels
in the structure were unsafe.

Source of Information:

Radiological Assessment Report and Remedial
Action Plans for the Lansdowne Property,
prepared by Argonne National Laboratory.

8. Radioactive Waste Superfund Site —
Description

Name and Location:

Maxey Flats Nuclear Disposal Site, Fleming City,
Hillsboro, Kentucky
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EPA Contact Region IV:

Harold Taylor, FTS 257-2234

Status:

NFL Final, Rank 612 RI/FS work plan completed

6/30/86 with focus on risk assessment and

evaluation of alternative remediation, based on

containment of -waste. Consent order entered into

3/87 by EPA and site steering committee to
perform RL/FS per work plan.

Radiation Data:

Transuranic nuclides in the environment: elevated
concentrations of tritium, cobalt and strontium.

Site contains 2.4 million Ci of radioactivity
including 430 kg of special nuclear material and

64 kg of plutonium. Gamma radiation 10-32
.[R/hr, 30,000 pCi/cu m activity level.

Matrix Characteristics:

Low-level radioactive waste burial facility;
leachate, soil, air; flora, fauna. Nonradioactive
contaminants: benzene, naphthalene, d-n-
oxylphthatate,   dichlorodifluoro-
methane, 1,1-dichloroethene, pentanol, ethyl-
enediaminetetracebc acid, 2-methylpropionic
acid,2-methyibutanoic acid, 3-methylbutanoic
acid, valeric acid, isobutyric acid, 2-methyl-

butyric acid, 3-inethylbutyric acid, pentanoic
acid, 2-metriyipentanoic acid, 3-rnstriyi-
peritanoic acid, Cg-branched acids, phenol.
hexanoic acid, 2-methylhexanoic acid, cresol

(isomers). 2-ethylhexanoic acid. Ca-branched
acid, benzoic acid. octanoic acid, phenylacetic
acid, phenyfpropionic acid. phenylhexanoic acid.
toluic acid, p-dioxane, methyl isobutyl ketone,
toluene, xylene (isomers), cyclohexanol, dibutyl
ketone, fenchone, triethyl phosphate,
naphthalene. thburyl phosphate, a-terpineol.

Source:

Disposal site for various low-level radioactive
waste sources.

Approximate Area and Volume:

280 acres (total site), 25 acres (contaminated),
178.000 cu yd.

Environmental Impact

One hundred residents live within 1-mi radius.
Leachate escaping through bedrock fit:Chinn into
underlying sandstone and trenches. Leachate
from a number of trenches contains soluble
plutonium. Evidence of migration of tritium from



trench water to wells has been established but
not in high enough levels to pose a public health
hazard. Local residents are on public water
supply system. however.

Source of information:

RI/FS Work Plan (6/86).

9. Radioactive Waste Superfund Site -
Description

Name and Location:

West Chicago Sewage Treatmeni Plant, West
Chicago. Illinois

EPA Contact Region V:

Ned Meidgin. FTS 886-4726

Status:

NPL proposed. The Remedial Investigation Report
has been completed: Samples were analyzed for
metals, radon. Moron and thorium. Values were
presented for As, Ba, Cd, Cr, Fe, Pb. Hg, and Se.

Radiation Data:

The nominal concentration of Th-232 in the soil
was 4900 pCiig; Th-232, 0.03 pCiA; Th-230.
0.4 pCiA: arid Ra-226, 0.03 pCiA were measured
in the ground water: gamma radiation. 2000-
3000 all/hr.

Matrix Characteristics:

Soil; till; gravel: ground water, monazite ore.

Approximate Area and Volume:

25 acres (includes plant site and Reed-Keppler
Park and not Just contaminated areal; 40,000 cu
yd.

The Rare Earths Facility, an ore processing
facility that had been used to process thorium and
rare earth ores containing radioactive thorium,
uranium. and radium.

Environmental impact

There are several routes of potential risks to the
environment and publiu health, including direct
external radiation exposure; inhalation exposure;
and ingestion nt nnntaminated soils. around
water, and surface water. The contaminated
media at the site are wastes from the Rare Earths
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Facility. The primary radionuclide present is
thonum-232.

Source of Information:

Remedial investioation Report. Kerr-McGee
Radiation-sites. West Chicago, Illinois,
September. 1986 CH2M Hill

10. Radioactive Waste Superfund Site -
Description

Name and Location:

Reed-Keppler Park, West Chicago. Illinois

EPA Contact Reatan V:

Ned Meldgin. FTS 886-4726

Status:

NPL proposed. The Remedial Investigation Report
has been completed. Samples were analyzed for
23 metals. Th-232. U-238. Ra-228. and Ra-
226 in the soil; and gross aloha, Th-232. and
Ra-226 in the ground water. Radiation Data The
concentrations of radioactivity in the ground water
samples were: Th-232. 23 pCiA and Ra-226.
7.6 pCiA. In the soil sample, Th-232 up to
11,000 pCi/g. Gamma exposure levels up to
16.000 ISI/hr.

Matrix Characteristics:

Till, gravel, ground water, and air.

Approximate Area and Volume:

It is estimated that 20,000 cu yd of thorium-
contaminated material is loater.1 within the Park in
11,000 sq yd area.

Source:

The Rare Earths Facility, an ore processing
facility mat nact been used to process thorium and
ram earth ores containing radioactive thorium,
uranium, and radium.

Environmental! Impact

There are several routes of potential risks to the
environment and public health including direct
external radiation exposure; inhalation exposure:
and ingestion of contaminated soils, ground
water, and surface water. The contaminated
media at the site are wastes from the Rare Earths
Facility. The primary radionuclide present is
thorium-232.



Source of Information:

Remedial Investigation Report. Kerr-McGee
Radiation•sites, West Chicago. Illinois,
Septe.ntier. 1986 CH2M Hill.

11. Radioactive Waste Superfund Site -
Description

Name and Location:

Kerr-McGee Off-Site Properties, West
Chicago, Illinois

EPA Contact Region. V:

Neil Meidgin, Frs 886-4726

Status:

NPL proposed. The Remedial Investigation Report

has been completed. Mitigation procedures were
carried out at 116 locations.

Data:

Contamination in excess of 2000.3000 uRthr

was noted prior to the mitigative measures. Th-

232 up to 16.000 pCi/g in soil was measured.

Afiatrix Churemieristics;

Till, gravel, fill, tailings.

Approximate Area and Volume:

The area consists of 117 residential lots of

various sizes. Approximately 61,000 cu yd.

Source:

The Rare Earths Facility, an ore-processing

facility that had to process thelitirn and

rare earth ores containing radioactive thorium,

uranium, and radium.

Environmental Impact:

There are several routes of potential risks to the

environment and public health including direct

external radiation exposure: inhalation exposure;
and ingestion of contaminated soils, ground
water, and surface water. The contaminated

media at the site consists of wastes from the

Rare Earths Facility. The primary radionuclide

present is thorium-232.

92

Source of Information:

Remedial Investigation Report, Kerr-McGee

Radiation-sites. West Chicago. Illinois, Septem-

ber, 1986 CH2M

12. Radioactive Waste Superfund Site -
Description

Name and Location:

Kress Creek and the West Branch of the OuPage

Hiver, West Chicago, Illinois

EPA Contact Region V:

Neil Me!Agin, FTS 856-4726

Status:

The Nuclear Regulatory Commission (NRC)

issued an order to Kerr-McGee to prepare a
cleanup plan for Kress Creek and affected
portions of the West Branch of the DuPage River.

The NRC's Atomic Safety Licensing Board upheld
Kerr-McGee's challenge. The NRC staff has
appealed this decision. Should the appeal fail,

EPA must consider using Superfund to remedy

the creek and river contamination.

Radiation Data:

About 1.5 mi of creek and river are contaminated
in the streams and along the banks. Peak total
thorium concentrations are 555 pCi/g at a depth

of 60 cm (2 ftl. Thorium has been identified as
deep as 170 cm (6 ft). Peak gamma levels are

250 uRihr along the bank.

Matrix Characteristics:

Sediment, soil. tailings.

Approximate Area and Volume:

Undetermined but substaritial. Affected area is

about 1.5 miles of creek and river bed and the
adjacent banks.

Source:

The Rare Earths Facility, an ore pruc,naaing
facility that had been used to process thonum and
rare earth ores containing radioactive thorium.
uranium, and radium.

Ef IF • trOrl"••ar-1.111 Impact:

There are several routes for potential risks to the
environment and public health. including direct
external radiation exposure; inhalation exposure;



and ingestion of contaminated soils, ground
water, and surface water. The contaminated
media at the site consists of wastes from the
Rare Earths Facility. The primary radionuclide
present is Th-232.

Source of information:

Comprehensive Radiological Survey of Kress
Creek, West Chicago Area, Illinois. February
1984, Oak Ridge Associated Universities.

13. Radioactive Waste Superrund Site -
Description

Name and Location:

The Homestake Mining Co. Uranium Mill, Cibofa
County, New Mexico. about 5.5 miles norm of
Milan.

EPA Contact Region VI:

  ITS 255-6735

Status:

NPR. Final, Rank 528. Homestake and EPA signed
an Administrative Order in June 1987 for
implementation of a work plan far a radon RI/FS
developed by New Mexico's contractor. Geomet.
A 15 month RI testing program will be started by
Homestake in November 1987. Naturally
occurring dispersed tailings, ground water
contamination, and tailings piles may be
considered as to how they act as sources.

Radiation Data:

Rn-222 in the air. 0.03 WI.; radium ;n the mill
tailings, 60.100 pCi/g. uranium in the water, 720
ppb. One year monitonng study of indoor and
outdoor radon concentrations. Outdoor radon
concentrations ranged from 0.05 pCi/I
(background) to 2.8 pCiA.

o'h—acterisOce:

Soil, tailings. ground water, arid air.

Approximate Area and Volume:

245 acres at 6.500 foot elevation; 15,500.000 cu
yd.

Source:

Potential sources are:

Hamestake Mining Company uranium mill tailings,
Anaconda mill tailings. Ambrosia Lake mining
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area, and areas of near-surface uranium
mineralization.

Environmental Impact:

About two hundred people depend upon the
shallow aquifer as a water supply. An alternate
water supply is in place. and aquifer restoration
by Homestake has been somewhat successful.
Radon levels indoors and outdoors in several
subdivisions near the mill may be above
background.

Source of Information:

Geomet Report Number 1E-1739. March 20.
1987. "WORK PLAN FOR HOMESTAKE MINING
COMPANY STUDY AREA NEAR MILAN, NEW
MEXICO." RI/FS for 8.1.0.. R.P.B., State of New
Mexico.

14. Radioactive Waste Superfund Site -
Description

Name and Location:

United Nude., r"ona rhtirch i- Ne Mexico.
The site is 15 miles northeast of Gallup, New
Mexico.

EPA Contact Region VI:

Alan Tavenner. '1=13 255-57735

Status:

NPL Final, Rank 651 Remedial Investigation
begun January, 1985, United Nuclear is
developing a reclamation plan. The RI/FS is
scheduled for completion Spring, 1988

Radiation Data:

Measurements of around water showed leve.s as
high as 12.5 pCiA for Ra-226 and Ra-228 and
8.15 pCie1 for uranium. Th was measured at
40.000 pCiA and Ra at 45 pCiA. Data are shown
for As, Cr. Se. C.d. Pb. N, and SO4.

Radioactive
Contaminants

U-238
Th-230
Ra-226
Rn-22'2

Tailings
Pile fpCi/g} Pond (pCIA)

29 3.9 x 103 pCiA
290 9.3 x 104 pCiA
290 1.3 x 102 pCiA

no data no data



Matrix Characteristics:

Tailings, ground water. Nonradioactive
contaminants:

Prinfl 1mnAI

arsenic 1.22
barium 0.29
cadmium 0.11
lead 1.56
mercury 0.5 x 10-3
molybdenum 2.30
selenium 0.53
vanadium 45.94
zinc 7.22

Approximate Area and Volume:

The mill taiiings pond covers 170 acres and
15-20 ft thick; 4,700.000 cu yd.

Source:

Radiation Data:

According to results of monitoring by DOE and
the U.S. Geological Survey (USGS). radioacave
materials have been released to surface water
grniind watar, and air. Thorium, uranium, and
radium residues have been placed in quarry.

Matrix Characteristics:

Drums, process equipment. building rubble,
deOns, raffinate sludges and soils which range
from gravelly to clay-like and organically rich.
Solis and sludges era variably contaminated with
TNT, DNT. and other organics.

Source:

is Uranium and thorium ore processing. Previously
US Army Ordnance works.

The source of the radiation is a uranium mill site,
largely from the tailings ponds.

Environmental Impact:

Several ponpla f lag the shallow alluvial Aquitam in

the area. A break in the tailings dam in 1979 sent
93 million gallons of tailings fluid into the Rio
Puerco. The upper Gallup aquifer is contaminated
in the vicinity of the tailings pond. The alluvial
aquifer is also contaminated.

Source ci Information:

Site Status Summary, May, 1987 and Technical
Memorancum, Phase I Field Study, RI/FS. United
Nuclear, Church Rock. N. Mexico. October 4,
1385„ UN2M

15. Radioactive Waste Superfund Site -
Description

Name and Location:

Weldon Spring Quarry, St. Charles City. Missouri

EPA Contact Region V11:

Kane Biggs, FTS 757-2823

Status:

NPL Final. Under an agreement with EPA (4/87),
DOE will clean up quarry and all nearby
nn eti.roi in ft Cori etrinetiliPtid2C 2nel 141211121,111 an

Environmental Impact Statement incorporating all
the requirements of a RI/FS.
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Approximate Area and Volume:

220 acre complex: quarry is 9 acres; 780,000 cu
yd radioactive material: 51,000 cu yd radioactive
residues were deposited in quarry along with
other wastes.

Privireinmaryial Impact:

Potential contamination of alluvial aquifer 0.5 mi
from quarry, serving 58,000 people. Uranium and
radium have been detected in off-site monitoring
wells, with radium concentrations exceeding
drinking water standards.

Source of Information:

Status report from EPA Region VI

16. Radioactive Wa.ste Superfund Site -
Description

Name and Location:

Monticello Radioactivity-Contaminated Prop-
erties, Monticello, Utari (San Juan County)

EPA Contact Region VIII:

Lam Nguyen. FTS 564-1519

Status:

NPL Final. Rank 502. DOE has assumed
responsibility for most of the remedial action. EPA
is negotiating Memorandum of Agreement (MOA)
with nrIP fn hotter (Wino raterts?ttiyia rnizic in
clean-up activities. DOE has authorized clean-
up of 15 properties and is studying several more



for inclusion in program. EPA conducted a
r.‘tannedremoval action of two of Ma most
contaminated structures in Monticello during
1983-1984.

Radiation Data:

Widely dispersci radioactive taiiings: U-238.
234, -226, Tft 230. Rn-222. Fla-226.

Exposure Rates:
Ra-225 1-23.000 pCi/g
U-238 1-24.000 pCdg
U 18.000 pCt/g

Matrix Characteristics:

Tailings from vanadium and uranium ore
processing rtidioactive tailings widetv dispersed
throughout town as fill matenal arid as aggregate

Vanadium 1-16.532for mortar and concrete.
Mtn-

Source:

Uranium and Vanadium ore processing in
Monticello plant from 1942 to 1960. Some tailings
may have been brought in from another mill in
Dry Valley.

Approximate Area and Volume:

152 potentially contaminated properness 182.000
cu yd.

grivirfininaiertlia kopia-•••

1500 residents within 1/2-mi radius. 152
potentially contaminated properties. Widely
dispersed contamination, apparently mostly in
near-surface soils.

Source of Information:

4/87 Fact Sheet. EPA Office of Radiation
Programs

17. riduivaurive vva5itr auplanunia Site -
Description

Name and Location:

Denver Radium Superfund Sites. Denver.
Colorado

EPA Contact Region VIII:

Marilyn Null, FTS 564-1698
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Status:

NFL Final. Rank 269. Feasibility Studies have
been completed for ten fund-lead operable units
and for four 'und-lead operable unit RCD's are
pending. Remedial Design is underway at four
operable units. Nagottattnne with ontantinay
Responsible Parties are underway at the
entorCernelt-lead operable unit.

Radiation Data:

U-234. -238, Th-230, Ra-225. Rn-222
present. Maximum gamma radiation
concentrations at properties included in the site
ranged from 57 aFtftsr to 2.547 aFt/tir, maximum
radium concentrations ranged from 79 pCi/g to
cno:1 prug zrtrl maxirniim rneirin decay progeny
levels at 0.30 Wt. (grabi have been measured on
the site.

Matrix Characteristics:

Asphalt. soil. pond bottom sediment. building
debris and contents. ground water, and airborne
particulates.

Source:

Former Denver National Radium Institute and
other processors involved in radium processing
through World Wart and early 1920s. generating
large quantities of radioactive residues.

Approximate Area and Volume:

Approximate volume 106,000 cu yd. covering a
total of about 40 acres in 44 locations within a
4-mi radius of downtown Denver.

Environmental Impact:

Potential risk to human health, including direct
exposure, inhalation of radon, ingestion of
radionuclides and contaminated media.

Source of Information:

Final Feasibility Study. Denver Radium site,
Operable Unit X, 6/87; Final Feasibility Study &
Responsiveness, Denver Radium Site, Operable
Units IVN, Vols. l & II, 9/86, Remedial Alternative
Selection and Community Relations
ReSponsiveness Summary, Operable Unit Vtl,
3/86. Remedial Investigation Report April 1986.



18. Radioactive Waste Supertund Site -
Description

Name and Location:

Lincoln Park, Canon City, Colorado

EPA Contact Region VIII:

Gene Taylor, FIS 564-1519

Status:

NFL Final, Rank 621. RVFS submitted to EPA by
the State for review 3/86. Memorandum of
Agraamant between State' and EPA 4/86, the
State of Colorado has lead responsibility for
negotiations development and implementation of a
remedy.

Radiation Data:

Groundwater quality studies per 1987 USGS
report included Ra-226 between 0.05 and 1.6
pCiA, and U-234 and -238 between 0.4 and
5,700 pgA.

Matrix Characteristics:

Contaminated ground water derived from unlined
tailings ponds. Nonradioactive contaminants:
molybdenum and selenium.

Source:

Uranium mill (Cotter Corporation).

Approximate Area and Volume:

900 acres: 1.900.000 tons.

Environmental Impact:

386 residents within 3-mi radius. Contaminated
ground water iti the vicinity and down gradiant.
No permitted drinking water wells in the area.
Company's monitoring data indicate a plume of
contaminants. including molyodenum. uranium,
and selenium extending from mill and affecting
pnvate wells that were serving 200 people.

Source of Information:

4/87 Fact Sheet. "Ground-water Flow and
Quality Near Canon City, Colorado." US
Geological Survey. WRI Report 87-4014, 1987.
EPA Office of Radiation Programs.
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19. Radioactive Waste Superfund Site -
Description

Name and Location:

U.S. DOE Rocky Flats Plant. Golden, Colorado

EPA Contact Region VIII:

James Littletohn, Frs 564-1519

Status:

NFL proposed. Compliance agreement entered
into by DOE. EPA. and Colorado Dept. of Health
7/88, defining respective roles and
responsibilities. DOE is responsible for remedial
actions. RI/FS work plans completed 2/87; results
due 7/87. DOE has done some remedial work
such as capping and removing plutonium-
contaminated soil.

Radiation Data:

Plutonium and tritium releases.

Matrix Characteristics:

Soil and sediment; wastewater impoundments.

Source:

Production of nuclear weapons trigigers: plutonium
recovery: americium research.

Approximate Area and Volume:

6.550 acres total area; 91 sites: over 1,000 waste
streams.

Environmental Impact:

Plutonium and tntium have contaminated soils
and sediments in surface water. Ground water
has been contaminated with nitrate 
Approximately 80.000 people live within 3 mi of
the facility.

Source of Information:

4/87 Fact Sheet: 7/85 NPL Fact Sheet.

20. Radioactive Waste Superfund Site -
Description

Name and Location:

Uravan Uranium Protect. Montrose City. Uravan,
Colorado



EPA Contact Region VIII:

Holly Fliniau, FTS 564-1519

Status:

PIP( Final P.ank 275. qtate of roloredo
negotiating remedy with responsible parties. EPA
and State have entered into MOA 4186.
designating State to pursue effective remedy. The
State of Colorado has negotiated an agreement
with Responsible Parties, and the agreement has
been approved by U.S. Die;net Cuuri. EPA
submitted comments to State on remedial action
plan 12/86.

Radiation Data:

Radionuclides and Rn-222, U-234, U-238:
Th-230; Ra-226.

Th 16,000 - 165.000 pCi.1
U 1,500 - 16,000 pCi,1
Ra C7 • 676 pCill

Matrix Characteristics:

Ground water arid air, raffinate, tailings, surface
water. Selenium, nickel, ammonia, sulfates.

Source!

Uranium and vanadium recovery plant milling
operations: little activity at present owned and
operated by Union Carbide Corporation.

Approximate Area and Volume:

900 acres; 2.000,000 tons removed/10,000.000
tons stabilized.

Environmental Impact:

Town in remote area. 125 residents within 3-rni
radius. All residents moved December 1986; no
permanent residents. Ground water and air
contaminated with process waste. including
,.reelem flierharga and rlicprjaal of lame vniirma
of process wastes releasing radiation.

Source of friformadon:

4/87 Fact Sheet

Department of Energy Remediation
Programs

The DOE has four major site remediatior protects
involving radioactive materials. They are the Uranium
Mil! Te.lings Remediel eel yen Preret (111MTRAP) the
Formerly Utilized Sites Remedial Action Project
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(FUSRAP). the Grand Junction Remedial Action
(G SurplFaCiiifieSProject JRAP). and the us  

Management Program (SFMP).

Formerly Utilized Sites Remedial Action Pronto!
(FUSRAP)

The U.S. Army Corps of Engineers, Manhattan
Engineer District (MED) and its successor, the U.S.
Atomic Energy Commission (AEC) conducted
programs during the 1940s and 1950s involving
research. development, processing, and storage of
radioactive ores and their processing residues.
Virtually all of this work was performed for the Federal
government by private contractors at sites that were
either federally, privately, or institutionally owned.
Many of tnese sites and nearby properties were
contaminated with radionuclides at low concentrations
aryl mrictly nt neeirel neve

When the contracts for MED/AEC activities were
terminated, the sites were decontaminated according
to then-current health and safety criteria and
released for unrestricted use. However. as research
vii L110 01:11.. kJ •••1,57 66.141U11 1J1 iAsileeeed,

radiological criteria and guidelines for returning sites
to unrestricted use became more stringent. In 1974.
the AEC initiated a program to identify former
MED/AEC sites and to determine their radiological
status based on a review of histoncal records. In
1977 the AEC changed to the US 00E which
subsequently initiated FUSRAP (1.3). Figure 81
shows the locations of the FUSRAP sites (2).

The most seriously contaminated sites. located in
New Jersey and New York, were involved in storing,
sampling, and processing very rich pitchblende ores.
As of June 1987, a total of 29 sites in 12 states were
designated for remedial action (J. Wagnor, DOE,
Personal Communication, July 2. 1987). Preliminary
estimates are Mat 29 autnonzed sites may contain a
total volume of 1.1 million cu yd of low-level

contaminated dirt, sediment, and rubble. Of these,
remedianon has been completed to the satisfaction of
the DOE at seven sites (A. Wallo, DOE. Personal
Communication, July 2, 19871. The disposition of
these seven sites as per DOE is as follows:

Radiologically contaminated materials from
gellex Research (Jersey City. NJ), Bayo
Canyon. and Acid Pueblo Canyon (Los
Alamos, N.M.) were excavated and removed
to an authorized disposal facility.

Radiologically contaminated material from
Middlesex Landfill (Middlesex, NJ) was
excavated and stored at an interim storage
site (above grade with a leachate collection
system).



Swore 81. RAM AP sites as of 1982. (Reprinted from (2).1

1 Albany Metallurgical Flume/Ken
Canter. Albany. OR

2 University of California. Berkeley, CA
(Completed)

3 AcvS/Pusidto Canyon, Los Alamos,
NM Marripletedl

4 Chupaders Mesa. Whit* Sandi
Missile
Range. NM (ComplennI)

5 Hazelwood (Catty AvenueL MO
Si. Lows Airport Storage Site.
(Vicinity Prod.). St. Laws, MO
Si. Lows Airport Storage Situ.
St. Louis. MO
Mailinckradt, Inc.. St. Lows. MO

7 University of Chicago. Chicago. IL 13 W. R Grace a company. Curtis Bay.
(Compieteol MD

8 National Guard Armory, Chicago. IL 14 Middlesex Landfill. Middlesex. NJ
9 Genera Motors. Adrian. MI Middlesex Sampling Plant.
10 Niagara Fails Storage Site. {Vicinity Middlesex. NJ

Prop.). Lewiston, NY 15 Ou Pont & Company. Deepwater. NJ
11 Ashland Oil Co. 51. Tonawanda. NY 18 Maywood, NJ

Seaway Industrie/ Park, ranawaneta. 18 Wayne/ Piqua mock, NJ
NY 19 Colon's. NY

Linde Air Products. Tonawanda NY 20 Seymour Speciality Wire. Seymour.
Ashland Oil Co. 52. Tonawanda, NY CT

12 Universal Cyclops, Aliquippa. PA 21 Shpack Landfill, Norton, MA

22 Ventron, Beverly. MA

Radiologically contaminated laboratory
buildings at the University of California
(Berkeley, CA) and the University of Chicago
(Chicago, IL) were surface cleaned (washed,
scraped, chipped).

Investigation showed that the seventh site,
Chupadera Mesa (White Sands, NM),
required no cleanup.

The remaining twenty-two sites are
remediation or are awaiting remediation.
twenty-two are also Superfund sites:

1. Shpack Landfill, Norton/Attleboro, MA.
2. Maywood Chemical Company, Maywood. NJ.
3. W. R. Grace & Company, Wayne, NJ.

Remediation at vicinity properties consisted of land
disposal or burial in a land encapsulation approved for
radioactive waste. In some cases site buildings were
decontaminated and returned to use. and in other
nesee they were demolished and the rubble stored or
buried.

undergoing
Three of the
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Removal and containment of contaminated materials
has been the strategy used thus far at FUSRAP sites.
None of the other techniques descnbed in this report
has been attempted in full-scale remediation.

Uranium Mill Tailings Remedial Action Project
(UMTRAP)

The use of uranium for weapons research and
production resulted in the generation of huge
quantities of uranium mill tailings, the waste material
remaining alter Llittl/lUf I is Ililracted frt.:1M the uranium
ore. The Atomic Energy Act of 1954 authorized the
AEC to license the receipt or transfer of ores that
contained 0.05% or more of uranium and/or thorium.
However, the AEC exempted any unrefined and
unprocessed ore and processed uranium mill tailings.
which were assumed to contain less man the required
percentage of uranium and thorium. Due to this
exemption, the uranium industry was not required to
isolate or even to retain control of uranium tailings,

Although most of the uranium has been removed
from the tailings, the radium remains and is a source,
through radioactive decay, of radon gas. Also,



radionuclides and other trace elements present in the

tailings can be leached from the pile and contaminate

the ground water [2J.

In 1978. Congress passed Public Law 95-604. the
Uranium Mill Tailings Radiation Control Act of 1978.

based on the finding that uranium mill tailings located

at mill sites posed a potential health hazard to the

public. Title I of the Act instructed the DOE to

Perform remedial actions at the designated sites.

which contained a total of approximately 25 million cu

yd of taiiinos. The program to carry out these actions

is the Uranium Mill Tailings Remedial Action Protect
(UMTRAP).

The remediation also includes cleanup of those
contaminated properties outside the designated

boundaries of the pi...ft....rig cuos that became

contaminated through the use of tailings for fill and/or

construction. Approximately 8000 of these "vicinity.'

properties have been identified for surveying to
confirm the presence of tailings and contamination

levels requiring remedial action [2.41.

Of the 24 UMTRAP sites, one is in Pennsylvania

(Canonsburg} and 23 in the western United States

(Figure B2). The sites range in size from 10 acres to

over 500 acres and include tailings piles, evaporation

ponds. windblown contaminated areas. and former

mill buildings and associated structures. Depths of

tailings piles range from a few feet to over 275 feet in

Durango. Colorado. Many of the sites have exposed

tailinns. Some sites are covered with a foot or so of

soil or sparse vegetation.

Some of the UMTRAP sites, such as Grand Junction

and Rifle, Colorado, are adjacent to aver systems.
Many, such as Canonsburg, PA: Gunnison, CO; and
Shiprocic, NM, are near small rivers or creeks, and
many sites have shallow water tables [5].

Remedial action began at the first site in 1983, and

cleanup of all sites is scheduled for completion in

1993 [6]. For tailings piles. remediation consists

principally of stabilization through the use of liners

and covers to prevent migration and limit radon

ernanalion. This approach is consistent with EPA

regulation 40 CFR 192. For vicinity properties.
remediation consists prinraoally of excavation and

disposal of contaminated material to tailings piles.
cleaning of buildings, and, where necessary,

destruction of buildings and removal of the rubble.

Grand Junction Remedial Action Project

Between the years 1952 and 1966, several hundred

thousand tans of tailings were removed from the

Climax Uranium Company's mill tailings pile in Grand

Junction, Colorado and used locally as fill and

construction material In 1966, when the Colorado

Department of Health and the U.S. Public Health

Service discovered this fact. the practice was

stopped. and investigations were begun to determine

the potential radiological health effects of tailings use

in residential and commercial or civic construction. in

1972, the U.S. Surgeon General issued guidelines for

determining the need for corrective action at those

locations where increased levels of radiation were

measured as a result of the presence of tailings. The

U.S. Congress passed Pt. 92-314 in 1972.
authorizing Federal appropriations to assist the State

of Colorado in conducting a remedial action project at

Grand Junction. The abiective was to perform

corrective action at sites where radiation exposures

exceeded the Surgeon General's guidelines. The

project is a State-operated activity, with DOE

providing 75 percent of the funding and the State. 25
percent [7].

In order to obtain the benefits of the project, a
property owner had first to apply to the Colorado
Department of Health for a determination of eligibility.

The criteria for eligibility (the Surgeon General's
guidelines) were based on annual average exposures

inhaintinn rlf airborne,r. external garnma radiation.
radon daughter products resulting directly from

uranium mill tailings used in the construction of a
building. Of these two modes of exposure, the
inhalation of airborne radon daughters is by far the
more important in terms of numbers of locations
exceeding the criteria and in terms of potential

population exposure [8].

The cleanup project began in 1973. The assessment

project had identified 740 structures that would
require some form of remedial action to meet the
Surgeon General's guidelines. Schools and the more
highly contaminated dwellings were given first priority.
The project was to have been completed by the end

of fiscal year 1987.

Whenever possible, the contaminated sites have been
cleaned up by excavation and removal of tailings.
Remediation has been confined to the area of the
structure and out to a distance of ten feet surrounding

it. In many cases. the structure has been shored up
and material actually excavated from beneath it. The
priginia tailings site was used to store the tailintas
tram the cleanups, That site, in turn, will be cleaned

up under UMTRAP [T. Braziey. DOE. Personal
Communication, July 23. 1987].

Where removal of the tailings is not possible. the
Structures have been reretediated by applying sealants

or increasing ventilation and filtration to reduce radon

gas in the structures to acceptable levels FL

Starting in about 1975, the Colorado Department of
Health, DOE. and the USEPA conducted a survey of
approximately 40,000 properties. ine "survey identified

about 6,000 vicinity properties as -core sites,' which

were contaminated to some degree. Some of the

SS



Figure 82. Locations of UMTRAP sites. (Reprinted tram 1214

• 17 18 
• j

15 f
•
• 15

13

40 5 •
se .14 
7. •

90 .12
•10 •11

1
2
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3 Sall Lake City. UT (High Priority) 11
4 Grand River. UT (Low Priority)
5 Grand Junction. CO (High PrICIMY) 12
6 Norturna. CO !Medium Priantvl 13
7 Slickrock. CO (Low Prionty$12 Most 14
8 Mexican Hat, UT Ifiledium Pnontyf 15
9 Monument. AZ (Low Priority, 16
10 Tuba City, AZ{Medium Priority, 17
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Ambrosia LAC NM (Medium
Priority)
Shiorock. NM (High Priority,
Durango. CO (High Priorrty)
Gunnison. CO (High PriOnfY)
Ririe, CO !High Pnartry)12 sites)
Mayo's). CO (Low Priority)
Riverton. WY (High Priority)
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Remedial Action project are included in UMTRAP.
e.g., where rather:14ton is necessary beyond ten feet
from the structure. The list has been narrowed to
about 3.800 properties requiring remediation. About
2.000 have been recommended by ORNL tor
iriclusion in the UM ;RAP cleanup. This reinedial
project has been initiated.

A second part of the UMTRAP effort is remediation
(which may include relocation) of the original tailings
pile from which all of the problem tailings originated.
Tne actual fate of the tailings pie has not yet been
decided.

Surplus Facilities Management Program (SFM.0)

The overall objective of the SFMP is to provide the
program direction, planning, and resources for the
DOE surplus facilities to (1) maintain surplus facilities
in a safe condition pending decommissioning, (2)
maximize the options for future use of real property,
and (3) dispose of all radioactive facilities arid waste
in accordance with accepted oractices. Other
objectives include (1) providing research and
development funding for property arid equipment
decommissioning techniques and technology transfer,
and (2) conducting cooperative information
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18 Spook. WY (Law Priority,
19 Bowman. NO (Low Prtorny)
20 Schield, NO (Low Priorriy)
21 Edgemont. SD (High Prioniy)

(Vicinity Proems* Only!
22 Foils City, TX (Medium Priority)
23 Canonsburg, PA (High Puonty)

ave412rIgele nn Hor•HrnmiceiHrting Wik#: "that'
countries arid international organizations.

The current inventory of surplus facilities in the
program was established by review of facilities in
1977 and by subsequent addition of some facilities
from defunct programs. Thirty-five proiects at 17
sites are included in the civilian portion of the SFMP.
The sites were prioritized based on (1) the
assessment of potential for exposure to the public
and workers at the site. (2) contractual commitments.
(3) reducing the cost of continuing surveillance and
maintenance, and (4) making the property available
for alternative or unrestricted use.

Decommissioning has been conducted at the Special
Power Excursion Reactor Test Area in Idaho, at
Argonne National Laboratory-East in Illinois, vicinity
properties at Monticello. Utah, and buildings at the
Santa Susana Field Laboratory. in California.
Entombment projects have been completed at the
Bonus Facility in Puerto Rico. the Hallam Facility in
Nebraska, and the Piqua Facility in Ohio. Major
activities continue at the Idaho Watinnai Fricuriaacirig

Laboratory in Idaho. the Mound Laboratory in Ohio,
Santa Susana in California, Monticello in Utah. and
ANL-East in Illinois 191. The Shippingport Station
Decommissioning Project will place the station in a



long-term rediolOgicelly safe condition by dismantling
and removing the radioactive portions of the plant.
One of the purposes of the Protect is to demonstrate
to the nuclear industry the practical and affordable
dismantlement of a large nuclear power plant. Actual
physical decommissioning activities were initiated in
September 1985.

Other near term activities include initiating work at the
Weldon Spring Site. This site was first used by the
Department of the Army as an ordnance works and.
later, by a DOE predecessor agency as a uranium
feed matenais plant. The site is contaminated with
thorium, uranium, and decay products. Near-term
activities include further characterizing the
contamination on the site, initiating conceptual
engineering studies, establishing a protect office at
the Welerin spring cite, and completing the NgPA
documentation.

Both the Weldon Spring and Monticello sites are also
Superfund sites. The Surplus Facilities Management
Program is scheduled for completion in the early
2C00's.

Summary of Remediaton Methods Used
to Date
Most of the remedial technologies to date have
consisted of excavation and/or removal of
contaminated materials from plant sites and from
property owned by others in the vicinity of those
properties. In some cases, the contaminated material
has been temporarily stored in above-ground,
covered piles. In others, the material has been
permanently placed in secure land encapsulations.

No extraction or solidification technology has been
applied to any of these sites. Some laboratory
experimentation an radionuclide extraction from
fallings and grille have newel enoritinfirvi, an riacrntaarl
in Chapters 5. 6. and 7.
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AEC U. S. Atomic Energy Commission

ATSDR Agency for Toxic Substances and Disease Registry

CDC Centers for Disease Control

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(Superfund)

C1 Curie

cm Centimeter (10-3 meter)

cu ft Cubic foot

cu m Cubic meter

cu yd Cubic yard
riciP nepnrcnt of Fnargy

SPAAJSEPA U. S. Environmental Protection Agency

FS Feasibility Study

ft Foot or feet

FUSRAP Formerly Utilized Sites Remedial Action Program (Department of Energy)

g Gram

hr Four

kg Kilogram (1000 grams)
kg/hr Kilograms per hour

kW Kilowatt (1000 watts)

MED U. S. Army Corps of Engineers. Manhattan Engineering District

gin Micron (micrometer, 10-8 meter)

mm Millimeter (10-3 meter)

NJOEP New Jersey Department of Environmental Protection

NRC Nuclear Regulatory Commission

NPL National Priorities List

ORNL Oak Ridge National Laboratory

Picocurie (10-12 Cur%)

pCsig Picocunes per gram

pC1/1 Picocunes per liter

Rf Remedial Investigation

RIrFS Remedial Investigation/Feasibility Study

SARA Superfund Amendments and Reauthonzation Act of 1986

sq ft Square foot

sq m Square meter

sq yd Square yard

UMTRAP Uranium Mill Tailings Remedial Action Prolix' (Department of Energy)

uR Microroentgen (10-6 roentgen)

USGS U. S. Geological Survey
WL Working level
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Conversions

To Convert FrorntA)

acre

cu ft

cu yd

•F

ft

kW

mile

sq ft

tons

°C

Curies disintegrations per minute 2.2 x 1212

meter yd 1.094

kg ih 1..046

mg11 parts per million 1.0

atmosphere (atm) kilo Pascal (kPat 101

To(131 Multiply f A) By

hectare 0.4047

cu m 0.02832

cu Trt 0.7646

oc ('F-32) x 5/9

m 0.3048

kg-calories/min 1.434

meters 1609

Sg m 0.0922

kg 1016

°F (*C x 9/5i + 32
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Dame Abbreviation

Actinium Ac
Aluminum Al
Arsenic As

Barium Sa
Beryllium Be
Bismuth Bi
Boron
Bromine Br

Cadmium Cd
Calcium Ca
Carbon
Chlorine Cl
Chromium Cr
Cobalt Co
Copper Cu

Fluonne

Helium He
Hydrogen

Iron Fe

Lead Pb
Lithium Li

Magnesium Mg
NU, lyal lgaaMn
Mercury Fig
Molybdenum Mo

Nickel Ni
Niobium Nb
Nitroaen

Oxygen 0

Palladium Pd
Phosphorus
Platinum Pt
Plutonium Pe
Polonium Po
Potassium

Radium lea
Radon Fin

Selenium Se
Silicon Si
Sodium Na
Strontium Sr
Sulfur

Thorium Th
Tin Sir
Titanium 11
Tungsten

Uranium

Vanadium V

Zinc Zn
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Air Avid

Alpha particle

Alpha radiation

Background
radiation

Cl.ni
LidII ',JCL,...)

Beneficiation

Beta particle

Beta radiation

Blinding

Detection level

Dose Equivalent

Entry routes

Exfi'Vahan

External
ractiaUon

Gamma

radiation

Gnzzfy screen

ground water

Half-life

Indoor air

01.1%••••,••••••••
VrTi 1.10.2a i

To increase by addition of chemicals the affinity of fine particles for air bubbles.

A positively-charged subatomic particle emitted during decay of certain radioactive
elements. For example, an alpha particle is released when radon-222 decays to
polonium•218. An alpha particle is indistinguishable from a helium atom nucleus and
consists of two protons and two neutrons.

The least penetrating type of radiation. Alpha radiation can be stopped by a sheet of paper
nr ruetar Aciad lawn cif skin.

The radioactivity in the environment. including cosmic rays from space and radiation
that exists elsewhere • in the air, in the earth, and in man-made matenals. In the U.S..
most people receive 100 to 250 millirems of background radiation per year.

A tray 4frl.l1a4Unfr uaira LA ICI S.ILFI.J111413 Gnj.cd. t 1110 kois 11om .2.61. .1.1i.

blinding.

Preparation of ore for smelting

A negatively-charged subatomic particle emitted during decay of certain radioactive
elements. A beta particle is identical to an electron.

Emitted from a nucleus during fission. Beta radiation can be stopped by an inch of wood or
a thin sheet of aluminum.

Plugging of the screen apertures with slightly oversized particles.

The minimum concentration of a substance that can be measured with a 99% confidence
that the analytical concentration is greater than zero.

The product of the absorbed dose, the quality factor. and any other modifying factors. The
dose equivalent is a quantity for companno the biological effectiveness of different kinds of
radiation on a common scale. The unit of dose equivalent is the rem. A millirem (mrem) is
one one-thousandth of a rem.

Pathways by which soil gas can flow into a house. Openings through the flooring and walls
where the house contacts the soil.

The movement of indoor air out of the house.

Radiation originating from a source outside the body, such as cosmic radiation. The source
of external radiation can be either natural or man-made.

A farm 01 tritfurromagneuu. hign-energy r46iiiiiun ermined flOrii a ilijelatj6. Gamma rays are
essentially 'he same as x-rays and require heavy shieidings, such as concrete or steel, to
be stoppeo.

Screen made of heavy fixed bars, used to remove oversized stones, tree stumps, etc.

Subsurface water that is in the pore spaces of soil and geologic units.

The length of time in which any radioactive substance will lose one-half its radioactivity.
The half-life may vary in length from a fraction of a second to thousands of years,

That air that occupies the space within the interior of a house or other building.
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ton exchange

Internal
radiation

lsotoPriiS

Mesh

Microrem(pR)

Microrem per
hour (pRihr)

Millirem (rnrem)

NARM

ORNL

Picocurie (pC;)

Picocurie per
liter tpCi/l)

Plutonium

Radiation

Radioactivity

Radionuclide

Radon

Radon progeny.
Radon daughter

REM

Revolving Screen

The reversible exchange of ions contained in a crystal for different ions in solution. without

destroying the crystal structure or disturbing the electrical neutrality.

Radiation originating from a source within the body as a result of the inhalation, ingestion, or

implantation of natural or man-made radionuclides in body tissues.

Different forms of the same chemical element that are distinguished by having different

numbers of neutrons in the nucleus. A single element may have many isotopes. For

example. the three isotopes of hydrogen are protium. deuterium, and tritium.

Number of wires Per inch in a screen.

A unit of radiation "dose equivalent" that is equal to one one-millionth of a rem.

A unit of measure of the rate at which "dose equivalent" is being incurred as a result of

exposure to radiation.

A unit of radiation "dose equivalent" that is equal to one one-thousandth of a rem.

Naturally-occurring or accelerator-produced radioactive materials mean any radioactive

material except for material classified as source. by-products, or special nuclear material

under the Atomic Energy Act of 1954, as amended.

Oak Ridge National Laboratory

A unit of measurement of radioactivity. A curie is the amount of any radionuclide

undergoes exactly 3.7 x 1310 radioactive disintegrations per second. A picocune is

trillionth (1012) of a curie, or 0.037 disintegrations per second.

that
one

A common unit of measurement of the concentration of radioactivity in a gas or liquid. A

picocurie per liter corresponds to 0.037 radioactive disintegrations per second in every liter.

A heavy, radioactive, man-made metallic element. Its most important isotope is fissionable

238Pu, which is produced by the irradiation of 238U. Flouting analysis cannot distinguish

between the 23.9Pu and 240Pu isotopes. hence, the term 239.240pu.

Refers to the process of emitting energy in the form of rays or particles that are thrown off

try disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
rarliatinn,

A property possessed by some elements, such as uranium, whereby alpha. beta. or gamma

rays are spontaneously emitted.

My naturally occumng or artificially produced radioactive element or isotope.

A colorless, odorless, naturally occurring, radioactive gaseous element formed by
radioactive decay of radium atoms. Chemical symbol is Rn, atomic weight 222, half-life

3.82 days.

A term used to refer collectively to the intermediate products in the radon decay chain.

Each "(laughter' is an uitraline radioactive particle that decays into another radioactive

'daughter" until finally a stable nonradioactive molecule of lead is formed and no further
radioactivity is produced.

An acronym for Roentgen Equivalent Man; a unit of radiation exposure that indicates the
pOtential impact on human cells.

A screen with a surface that revolves around an axis; the screen surface may be inclined or
vertical.
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Rotary sitter Circular motion aupiiee to a rectangular or circular screen surface.

Scalping Removal of small amounts of oversized material from feed.

Shaking screens Several screen surfaces in a series. usually slightly inclined. with different apertures and a

slow linear motion essentially in place of the screen.

Sieve bends Screens with stationary parallel bars at a right angle to the teed flow; the surface may be

straight. with a steep incline, or curved to 300.

Soil gas Those gaseous elements and compounds that occur in the small spaces between particles

of me earth or soil. Rock can contain gas also. Such gases can move through or leave the

soil or rock depending on changes in pressure. Radon is a gas that forms in the soil

wherever radioactive decay of radium occurs.

Tailings Sand-like waste resulting from uranium production, represents about 98% of the ore that

enters the mill.

Uranium A naturally radioactive element with the atomic number at 92 (number of protons in nucleus)

and an atomic weight of approximately 238. The two principal naturally oCCurneg isotopes

are the fissionable 1...1-235 (0.7% of natural uranium) and the fertile U-238 (99.3% of

natural uranium).

Vibrating screen An iridioed or honzontal rectangular scrir,aning surface with high-speed vibrating Meitirin

that lifts particles oft the surface.

Working level A unit of measure of the exposure rate to radon and radon progeny defined as the quantity

(WL) of short-lived progeny that will result in 1.3 x 105 MeV of potential alpha energy per liter of

air. Exposures are measured in working level months (WLM); e.g., an exposure to 1 WL for

1 working month (173 hOUrS) is 1 WLM. 'These units were developed originally to measure

cumulative work place exposure of underground uranium miners to radon and continue to

be used today as a measurement of human exposure to radon and radon progeny.

u.s.Goveriiwon POONTINCIOPTICt 111111411FISMINW
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